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RESOURCES®
Environment and development

I
n 1989, the United Nations passed a
resolution calling for a conference on
environment and development. The
resolution identified a number of glo-

bal problems—among them, threats to
atmospheric integrity, biodiversity, and
human health—the management of which
would require strengthened international
attention and cooperation. A theme likely
to resonate throughout the United Nations
Conference on Environment and Devel-
opment (UNCED), to be held in Rio de
Janeiro in June 1992, is the means of fi-
nancing efforts to deal with these prob-
lems while ensuring economic growth,
particularly in the developing world.

Whether or not explicit and effective
negotiations are achieved at UNCED, pro-
found problems relating to the linked pur-
suit of environmental, natural resource,
and economic objectives are certain to
survive the two-week meeting of gov-
ernmental leaders, technical experts, and
representatives of environmental constitu-
encies. Even if participants assert that the
goals of environmental protection, natu-
ral resource adequacy, and economic
growth are compatible, a probing of the
question of the sustainability of develop-
ment inspires less confidence that poten-
tial problems and conflicts in the pursuit
of these goals are fully appreciated in the
international community, much less that
the consensus needed to easily achieve
the goals will be forthcoming.

As might be expected, politics has
played a role in preparations for UNCED,
the agenda of which has been at least
partly conditioned by the sensitivity of

some participants to some issues. Thus
the critical role of population growth is
missing from the list of topics to be for-
mally addressed in Rio.

The articles in this special issue of
Resources examine some of the enduring
questions that cannot be ignored in any
attempt to pursue aspirations concerning
the environment and development. The
lasting value of UNCED may depend on
the extent to which its diverse partici-
pants couple political rhetoric—obliga-
tory at such events—with willingness to
confront these difficult issues once this
"earth summit" fades into history.
Sidebars on UNCED's predecessor—the
Stockholm conference of 1972—on miti-
gation strategy for addressing climate
change, and on technology transfer from
developed to developing countries offer
further insights.

The first three articles cut across a range
of developmental challenges. Michael A.
Toman explores the difficulties of defin-
ing "sustainability," an amorphous con-
cept for assessing human impacts on the
natural environment and resource base.
Noting that a clear understanding of what
sustainability means is necessary for iden-
tifying what may be required to achieve it,

Toman puts forward a conceptual means

of bridging disparate perspectives on key

topics such as intergenerational equity, sub-

stitutability among natural and other re-

sources, and the carrying capacity of natural

ecosystems. Raymond J. Kopp points out

that a better understanding of the relation-

ships among the natural world, economic

activity, and institutions is needed if the



developed and developing worlds are to
craft policies that meet the expectations of
each with regard to environmental protec-
tion and development. In linking institu-
tional structure and levels of economic
development with management of natural
assets and demand for the goods and ser-
vices they provide, Kopp suggests a strat-
egy for encouraging developing countries
to set about protecting and preserving these
assets. Ronald G. Ridker notes that popu-
lation growth bears closely on the chal-
lenge of sustainable development. In
reviewing two schools of thought on the
economic, resource, and environmental
consequences of population growth,
Ridker concludes that an earlier rather
than later cessation of population growth
could slow depletion of resources, re-
lieve pressures on the environment, and
allow humanity more time to redress the
mistakes of past growth.

The five articles after that deal with
specific developmental issues. Pierre R.
Crosson addresses the prospects for sus-
tainable agriculture. He suggests that to
meet future demand for food at accept-
able economic and environmental costs,
the global supply of knowledge must be
expanded to increase the productivity of
energy, land, water, climate, and genetic
resources. Using agriculture as an ex-

ample, Peter M. Morrisette and Norman
J. Rosenberg point to the importance of
and opportunities for improved adapt-
ability to climatic variability, particularly
in countries that are subject to recurrent
droughts or to characteristically arid con-
ditions. The need to adapt to such vari-
ability, they argue, coexists with the need
to investigate strategies for mitigating the
buildup of gases that could lead to green-
house warming. Kenneth D. Frederick
examines qualitative and quantitative as-
pects of the global water problem. He
shows that achieving environmental and
development goals will require signifi-
cant changes in incentives to conserve
water and protect aquatic ecosystems, par-
ticularly in developing countries that al-
ready lack access to water of adequate
quality and that face rapidly increasing
demand for water in the future. Roger A.
Sedjo deals with a complex and rapidly
evolving resource issue—biodiversity.
Despite their unquestioned value, wild
species and the genetic resources em-
bodied in them are threatened by the de-
struction of natural habitats, again
especially in developing countries. Sedjo
contends that habitat protection could be
fostered by contractual arrangements that
allow developing countries to trade the
right to collection of their wild genetic

resources in return for some sort of com-
pensation. Joel Darmstadter examines two
prominent developments concerning en-
ergy transitions in the last several de-
cades: improved functioning of energy
markets and heightened concern with en-
vironmental damage from energy pro-
duction and use. He suggests that there
remains substantial scope for pursuing
efforts to enhance energy efficiency and
to use renewable energy resources.

The environment-development di-
lemma appears to be greatest in the devel-
oping countries. Efficient management of
environmental problems is critical if these
countries are to realize environmental im-
provements without derailing economic
growth. In the concluding article, Alan J.
ICrupnick assesses the potential of benefit-
cost analysis to prioritize pollution prob-
lems in the developing world.

With the exception of Ronald G.
Ridker, an economist with the World
Bank, the authors are on the research
staff at Resources for the Future (RFF).
The articles will be collected in a volume
to be published by RFF in early 1992. III

Joel Darmstadter
Guest editor

Looking backward: Stockholm 1972

The first international environmental con-
ference organized by the United Nations
(UN) was held in Sweden in 1972. Hans
H. Landsberg, senior fellow emeritus and
resident consultant at Resources for the
Future, was an adviser to the UN secre-
tary general during the conference.

T he desire to project past experience on
the present is as irrepressible as the

difficulty of doing so is great. Would one's

intense involvement in the 1972 Stockholm

Conference on the Human Environment—

the first international environmental con-

clave organized and funded by the UN under

a resolution of the General Assembly—
impart any insight into its upcoming se-

quel, the United Nations Conference on
Environment and Development (UNCED)?

A few points suggested by my personal recol-

lections deserve brief mention.

Although the passage of twenty years

makes meaningful comparisons between the

conferences tenuous, UNCED may share some

of the issues and problems that arose prior to

and during the Stockholm conference, the

resolution of which may suggest lessons for

UNCED. I would submit that one lesson is

that any issues concerning conference goals

that are not resolved when the opening gavel

is heard at UNCED will in all likelihood not
be resolved by the closing gavel.

In the case of Stockholm, a major concern
in the two years leading up to the conference
was the attitude of the developing countries.
What was in the conference for them? Would
funds that otherwise go into development be
diverted to environmental goals that had a
low priority in the developing countries'

scheme of things? The view of the devel-
oping world was that the industrial na-
tions cause the pollution, so let them foot
the bill. This view's potential for disrup-
tion kept the secretary general busy at-
tempting to persuade the developing
countries that development and environ-
mental protection were indeed comple-
mentary, not antithetical. His efforts
culminated in a pre-conference meeting
in which the concerns of developing coun-
tries received in-depth consideration. The
resulting Founex Declaration was critical
in defusing the politically explosive envi-
ronment-versus-development issue.

In addition to the importance of resolv-
ing concerns about goals, the Stockholm
conference suggests the need for similar
conferences to handle deftly any issues
brought before them that are tangential to
their main agenda. Means of securing "fair
prices" for raw materials produced and
exported by developing countries and ad-
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The difficulty in defining sustainability

For ecologists "sustainability" connotes
preservation of the status and function of
ecological systems; for economists, the
maintenance and improvement of human
living standards. Disagreements about
the salient elements of the concept ham-
per determination of appropriate re-
sponses for achieving sustainability. Key
topics about which disagreement arises
include intergenerational fairness, the
substitutability of natural and other re-
sources, and the carrying capacity of
natural ecosystems. Disparate perspec-
tives on these topics might be bridged
through the concept of the safe minimum
standard, which posits a socially deter-
mined demarcation between moral im-
peratives to preserve and enhance natural
resource systems and the free play of
resource tradeoffs.

S6 6 ustainability" has become
a new watchword by which
individuals, organizations,
and nations are to assess

human impacts on the natural environ-
ment and resource base. A concern that
economic development, exploitation of
natural resources, and infringement on
environmental resources are not sustain-
able is expressed more and more fre-
quently in analytical studies, conferences,
and policy debates. This concern is a
central theme in the international delib-
erations leading up to the United Nations
Conference on Environment and Devel-
opment. To identify what may be required
to achieve sustainability, it is necessary
to have a clear understanding of what
sustainability means.

Like many evocative terms, the word
sustainability (or the phrase "sustainable
development," which more strongly con-
notes concerns of particular importance to
developing countries) means many things
to different people and can be used in

Michael A. Toman

reference to a number of important issues.
The term inherently evokes a concept of
preservation and nurturing over time. The
World Commission on Environment and
Development (known popularly as the
Brundtland Commission) labeled sustain-
able development in its 1987 report Our
Common Future as "development that
meets the needs of the present without
compromising the ability of future genera-
tions to meet their own needs." Thus
sustainability involves some notion of re-
spect for the interests of our descendants.
Beyond this point, however, uncertainty
and disagreement are rife.

In scholarly usage, the term
sustainability originally referred to a har-
vesting regimen for specific reproduc-
ible natural resources that could be
maintained over time (for example, sus-
tained-yield fishing). That meaning has
been considerably broadened by ecolo-
gists in order to express concerns about
preserving the status and function of en-
tire ecological systems (the Chesapeake

equate provision of housing were fi equently
demanded at Stockholm. There were two
reactions: Pass a resolution! Fight consid-
eration! Since what was voted on at
Stockholm lacked binding force, the first
course usually won out. It saved time and
avoided acrimony. The main point for
UNCED is to be prepared for the intrusion
of irrelevancies and to have a strategy for
dealing with them.

The Stockholm conference also sug-
gests the need to handle participation by
nongovernment organizations (NGOs) in
similar events. At Stockholm, NGOs turned
up in large numbers and had widely diver-
gent aims. Faced with an elaborate confer-
ence agenda and the determination of the
secretariat to have it endorsed without ex-
cursions, the NGOs groped for ways to
make an impact; but even staying informed
as to what went on in the meetings proved
a daunting task. If there was a plan by the
conference secretariat to cope with the

NGOs' role, it was not apparent. Fortunately,
two resourceful women, Barbara Ward (Lady
Jackson) and Margaret Mead, created an orga-
nized way of integrating the NGOs' activities
into the work of the conference.

Looking back at the Stockholm confer-
ence, one wonders why the donkey did not
collapse under the burden put on its back—to
wit, writing and winning endorsement of an
Action Plan that comprised 109 resolutions;
of the institutional framework for continuity
expected to be provided by a new UN agency
concerned with the environment; and of a
Declaration on the Human Environment that
was to embrace everything from polluted air
and rivers to gene pools to apartheid to nuclear
weapons to Viet Nam, the acceptance of which
was a cliff-hanger until the last hour of the
conference. Although whatever was voted on
at Stockholm had no binding force, much
survived in subsequent actions, including the
establishment of the United Nations Environ-
ment Programme (UNEP).

Absent a formula that explains what
kept the Stockholm conference from be-
ing a failure (and might enhance UNCED's
prospects for success), I venture to think
that Stockholm's success was attributable
to three main factors. The first was the
nonbinding nature of conference recom-
mendations and decisions, which mini-
mized controversy (although it also
encouraged sloppiness). The second was
early identification of the potential clash
between development and environmental
protection as the major divisive issue—
and the successful effort preceding the
conference to sort it out. The third was a
leadership that recognized its task as deal-
ing as much with the politics of the enter-
prise as with the issues themselves and
that was fully aware of the educational
aspect of the enterprise and the value of the
process that was being set in motion. MI

Hans H. Landsberg
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Bay, the biosphere as a whole). Econo-
mists, on the other hand, usually have
emphasized the maintenance and im-
provement of human living standards, in
which natural resources and the environ-
ment may be important but represent only
part of the story. And other disciplines
(notably geography and anthropology)
bring in concerns about the condition of
social and cultural systems (for example,
preservation of aboriginal knowledge and
skills).

Beyond ambiguity of meaning there
also is disagreement about the prospects
for achieving sustainability. The
Brundtland Report foresees "the possi-
bility for a new era of economic growth,
one that must be based on policies that
sustain and expand the environmental re-
source base." Some scholars, notably the
economist Julian Simon, question
whether sustainability is a significant is-
sue, pointing out that humankind consis-
tently has managed in the past to avoid
the specter of Malthusian scarcity through
resource substitution and technical inge-
nuity. Others, notably the ecologists Paul
and Anne Ehrlich and the economist
Herman Daly, believe that the scale of
human pressure on natural systems al-
ready is well past a sustainable level.
They point out that the world's human
population likely will at least double be-
fore stabilizing, and that to achieve any
semblance of a decent living standard for
the majority of people the current level
of world economic activity must grow,
perhaps fivefold to tenfold. They cannot
conceive of already stressed ecological
systems tolerating the intense flows of
materials use and waste discharge that
presumably would be required to accom-
plish this growth.

Ascertaining more clearly where the
facts lie in this debate and determining
appropriate response strategies are diffi-
cult problems— perhaps among the most
difficult faced by all who are concerned
with human advance and sound natural
resource management. Progress on these
fronts is hampered by continued disagree-
ments about basic concepts and terms of
reference. To narrow the gaps, it may be
helpful first to identify salient elements
of the sustainability concept about which
there are contrasts in view between econo-
mists and resource planners on the one

hand, and ecologists and environmental
ethicists on the other.

Key conceptual issues

As noted above, intergenerational fair-
ness is a key component of sustainability.
The standard approach to intergener-
ational tradeoffs in economics involves
assigning benefits and costs according to
some representative set of individual pref-
erences, and discounting costs and ben-
efits accruing to future generations just
as future receipts and burdens experi-
enced by members of the current genera-
tion are discounted. The justifications for
discounting over time are first, that people
prefer current benefits over future ben-
efits (and weight current costs more
heavily than future costs); and second,
that receipts in the future are less valu-
able than current receipts from the stand-
point of the current decision maker,

Critics of the standard

approach to intergenerational

tradeoffs maintain that unre-

stricted discounting of costs

and benefits accruing to future

generations is ethically

questionable.

because current receipts can be invested
to increase capital and future income.

Critics of the standard approach take
issue with both rationales for unfettered
application of discounting in an inter-
generational context. They maintain that
invoking impatience entails the exercise
of the current generation's influence over
future generations in ways that are ethi-
cally questionable. The capital growth
argument for intergenerational discount-
ing also is suspect, critics argue, because
in many cases the environmental re-
sources at issue—for example, the ca-
pacity of the atmosphere to absorb
greenhouse gases or the extent of bio-
logical diversity—are seen to be inher-
ently limited in supply.

These criticisms do not imply that dis-
counting should be abolished (especially

since this could increase current exploi-
tation of natural and environmental capi-
tal), but they do suggest that discounting
might best be applied in tandem with
safeguards on the integrity of key re-
sources like ecological life-support sys-
tems. Critics also question whether the
preferences of an "average" member of
the current generation should be the sole
or even primary guide to intergenerational
resource tradeoffs, particularly if some
resource uses threaten the future well-
being of the entire species but are only
dimly experienced by current individu-
als. Adherents of "deep ecology" even
take issue with putting human values at
the center of the debate, arguing instead
that other elements of the global ecologi-
cal system have equal moral claims to be
sustained. Even if one accepts that hu-
man values should occupy center stage,
it is difficult to gauge what the values
held by future generations might be.
A second key component of sustain-

ability involves the specification of what
is to be sustained. If one accepts that
there is some collective responsibility of
stewardship owed to future generations,
what kind of "social capital" needs to be
intergenerationally transferred to meet
that obligation? One view, to which many
economists would be inclined, is that all
resources—the natural endowment,
physical capital, human knowledge and
abilities—are relatively fungible sources
of well-being. Thus large-scale damages
to ecosystems such as degradation of en-
vironmental quality, loss of species di-
versity, widespread deforestation, or
global warming are not intrinsically un-
acceptable from this point of view; the
question is whether compensatory invest-
ments for future generations in other
forms of capital are possible and are un-
dertaken. Investments in human knowl-
edge, technique, and social organization
are especially pertinent in evaluating these
issues.

An alternative view, embraced by
many ecologists and some economists, is
that such compensatory investments of-
ten are infeasible as well as ethically in-
defensible. Physical laws are seen as
limiting the extent to which other re-
sources can be substituted for ecological
degradation. Healthy ecosystems, includ-
ing those that provide genetic diversity

4 RESOURCES
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in relatively unmanaged environments,
are seen as offering resilience against
unexpected changes and preserving op-
tions for future generations. For natural
life-support systems, no practical substi-
tutes are possible, and degradation may
be irreversible. In such cases (and per-
haps in others as well), compensation
cannot be meaningfully specified. In ad-
dition, in this view environmental qual-
ity may complement capital growth as a
source of economic progress, particularly
for poorer countries. Such complemen-
tarity also would limit the substitution
of capital accumulation for natural deg-
radation.

In considering resource substitutabil-
ity, economists and ecologists often also
differ on the appropriate level of geographi-
cal scale. On the one hand, opportunities
for resource tradeoffs generally are greater
at the level of the nation or the globe than
at the level of the individual community or
regional ecosystem. On the other hand, a
concern only with aggregates overlooks
unique attributes of particular ecosystems
or local constraints on resource substitu-
tion and systemic adaptation.
A third key component of sustain-

ability is the scale of human impact
relative to global carrying capacity. As
already noted, there is sharp disagree-
ment on this issue. As a crude caricature,
it is generally true that economists are
less inclined than ecologists to see this as
a serious problem, putting more faith in
the capacities of resource substitution (in-
cluding substitution of knowledge for ma-
terials) and technical innovation to
ameliorate scarcity. Rather than viewing
it as an immutable constraint, economists
regard carrying capacity as endogenous
and dynamic.

The safe minimum standard

Concerns over intergenerational fairness,
resource constraints, and human scale
provide a rationale for some form of
intergenerational social contract (though
such a device can function only as a
'thought experiment" for developing our
own moral precepts, since members of
future and preceding generations cannot
actually be parties to a contract). One
Way to give shape to such a contract is to
apply the concept of a safe minimum

standard, an idea that has been advanced
(sometimes with another nomenclature)
by a number of economists, ecologists,
philosophers, and other scholars.
To simplify somewhat, suppose that

damages to some natural system or sys-
tems can be entirely characterized by the
size of their cost and degree of irrevers-
ibility. Since ecologists do not view all
the effects of irreversibility as readily
monetizable, these two attributes of dam-
ages are treated separately (see figure,
p. 5). The magnitude of cost can be inter-
preted in terms of opportunity cost by
economists or as a physical measure of
ecosystem performance by ecologists.

Irreversibility reflects uncertainty
about system performance and the re-
sulting human consequences. At one ex-
treme, very large and irreversible effects
may threaten the function of an entire
ecosystem. At a global level, the threat
could be to the cultural if not the physical
survival of the human species. In the fig-
ure, this extreme is represented at the
upper lefthand corner. At the other ex-
treme (the lower righthand corner), small
and readily reversible effects are rela-
tively easily mediated by private market
transactions or by corrective government
policies based on comparisons of ben-
efits and costs.

There is uncertainty about how rap-
idly the threat to current and future hu-
man welfare grows as damages become
costlier and irreversibility becomes more
likely. The safe minimum standard pos-
its a socially determined dividing line

between moral imperatives to preserve
and enhance natural resource systems and
the free play of resource tradeoffs. To
satisfy the intergenerational social con-
tract, the current generation would rule
out in advance actions that could result in
natural impacts beyond a certain thresh-
old of cost and irreversibility. Rather than
depending on a comparison of expected
benefits and costs from increased pres-
sure on the natural system, such proscrip-
tions would reflect society's value
judgment that the cost of risking these
impacts is too large. Possible resources
for which society would not risk dam-
ages beyond a certain cost and degree of
irreversibility include wetlands, other
sources of genetic diversity, the climate,
wilderness areas, Antarctica, and other
ecosystems with unique functional or aes-
thetic values (like the Grand Canyon).

There is a distinct difference between
the safe minimum standard approach and
the standard prescriptions of environmen-
tal economics, which involve obtaining
accurate valuations of resources in ben-
efit-cost assessments and using economic
incentives to achieve efficient resource
allocation given these valuations.
Whether a resource-protection criterion
is established by imperatives through an
application of the safe minimum stan-
dard concept or by tradeoffs through cost-
benefit analyses, that criterion can be
cost-effectively achieved by using eco-
nomic incentives. However, for impacts
on the natural environment that are un-
certain but may be large and irreversible,

Illustration of the safe minimum standard for balancing natural
resource tradeoffs and imperatives for preservation

Ecological and
human catastrophe

Increasing
cost of

ecological
damages

Moral imperatives
for resource and
ecosystem protection

Free play of
individual incentives

and resource tradeoffs

Increasing irreversibility
of ecological damages

Source: Bryan Norton, Georgia Institute of Technology.

Low-cost, easily
reversed effects
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Ecosystems having unique functional or aesthetic values may be among the resources for
which society would not risk damages beyond a certain cost and degree of irreversibility.

the safe minimum standard posits an al-
ternative to comparisons of economic
benefits and costs for developing
resource-protection criteria. It places
greater emphasis on potential damages
to the natural system than on the sacri-
fices experienced from curbing ecologi-
cal impacts. The latter are seen as likely
to be smaller and more readily revers-
ible. In addition, the safe minimum stan-
dard invokes a wider, possibly less
individualistic set of values in assessing
impacts. Since societal value judgments
determine the level of safeguards, public
decision making and the formation of
social values are explicit parts of the safe
minimum standard approach.

This illustrative discussion of course
provides no actual guidance on where
and how (if at all) such a dividing line
between imperatives and tradeoffs should
be drawn. The location of the line will
depend on the range of individual beliefs
in society and available knowledge about
human impacts on ecosystems. For ex-
ample, ecologists who are concerned
mainly about irreversibility and believe
that ecological systems are fragile might
draw an essentially vertical line, with a
large area covered by moral imperatives
for ecosystem protection; economists who
are concerned mainly about expected cost
and believe that the well-being of future
generations should be highly discounted
might draw an essentially horizontal line,

with little (or no) scope for moral im-
peratives. Acquisition of additional
knowledge also will alter the relative
weight given to imperatives and tradeoffs
for specific ecosystems or the environ-
ment as a whole. In addition, how the
delineation would be made depends on
complex social decision processes, some
of which probably have not yet been con-
structed.

The safe minimum standard thus does
not provide an instant common rallying
point for resolving the disagreements dis-
cussed here. However, this concept does
seem to provide a frame of reference and
a vocabulary for productive discussion
of such disagreements. Such discussion
would refine understanding of what
sustainability means and the steps that
should be taken to enhance prospects for
achieving it.

Research needs

There is a need for much additional inter-
disciplinary work to refine the concept of
sustainability. Along with basic concept
definitions, extensions of economic and
ecological theory to more fully account
for the objectives and constraints of
sustainability would be useful. To clarify
some of the points of disagreement al-
ready outlined, substantial interdiscipli-
nary data-gathering and analysis also
would be required. This empirical work

should address issues in developing coun-
tries and in developed countries, and those
relevant to the entire world.

The tension between ecological and
economic perspectives on sustainability
suggests several ways in which both
economists and ecologists could adapt
their research emphases and methodolo-
gies to make the best use of interdiscipli-
nary contributions. Economists could
usefully expand analyses of resource val-
ues to consider the function and value of
ecological systems as a whole, making
greater use of ecological information in
the process. Economic theory and prac-
tice also could be extended to consider
more fully the implications of physical
resource limits that often are not reflected
in more stylized economic constructs. In
addition, research by economists and
other social scientists (psychologists and
anthropologists) could help to improve
understanding of how future generations
might value different attributes of natu-
ral environments. Finally, the sustain-
ability debate should remind economists
to carefully distinguish between efficient
allocations of resources—the standard
focus of economic theory—and socially
optimal allocations, which may include
intergenerational (as well as intragenera-
tional) equity concerns.

For ecologists, the challenges include
providing information on ecological con-
ditions in a form that could be used in
economic valuation. Ecologists also must
recognize the importance of human be-
havior, particularly behavior in response
to economic incentives—a factor often
given short shrift in ecological impact
analyses. Finally, it must be recognized
that human behavior and social decision
processes are complex, just as ecological
processes are. What may appear as self-
evident to the student of natural environ-
ment need not seem so for the student of
human society, and vice versa. •

Michael A. Toman is a senior fellow in
the Energy and Natural Resources Divi-
sion at RFF. This article is based on
ideas developed jointly with Pierre R.
Crosson, a senior fellow in the division,
and Bryan Norton of the Georgia Insti-
tute of Technology.

•

•

•

•

6 RESOURCES



;1.
ii

Lci

is

ts
nt
rd
I y
ie
a-

le
n-
in
'St

se
enen
ict
ed
on
:al
If-

of

in
vi..
on
R.
9n,
ti-

The role of natural assets in economic development
Raymond J Kopp

Natural assets such as surface and
ground waters, agricultural and forest
lands, and wildlife habitats are accorded
greater protection in the developed
world than in the developing world,
which lacks the institutions and eco-
nomic surpluses necessary for investing
in these assets and limiting their use.
Yet even if institutions were in place and
surpluses existed, natural assets would
not be preserved without an indigenous
demand for the public services they pro-
vide; however, that demand appears to
grow as wealth and income increase.
The developed world would have greater
success in convincing the developing
world to bear the cost of protecting natu-
ral assets if a plan of action focused on
enhancing those assets, such as agricul-
ture and drinking water, that provide
private and quasi-public services, which
are already in demand in the develop-
ing world.

I
n the developed world, the environ-
ment is generally regarded as a re-
source of immense value to be
protected and preserved. Yet protec-

tion and preservation come at a cost. Es-
timates developed at Resources for the
Future (RFF) suggest that the two major
Pieces of U.S. environmental legislation
adopted during the 1970s (the Clean Air
Act and the Clean Water Act) were re-
sponsible for a significant alteration in
U.S. economic growth in terms of con-
ventional measures of gross national prod-
uct (GNP). RFF modeling studies suggest
that by 1990 air and water pollution con-
trols enacted in the 1970s caused the U.S.
GNP to be as much as 5 percent lower
than it would have been without the con-
trols. Recent amendments to the Clean
Air Act and other U.S. environmental
regulations, such as Superfund, can be
expected to add in a nontrivial way to the
reduction in GNP. Coming to grips with
global warming could dwarf the existing
costs of environmental regulation in the
United States.

As expensive as environmental pro-
tection and preservation have proven to
be, it is clear the developed world seems
prepared to bear this cost by redirecting
income normally used to purchase ser-
vices and manufactured goods toward ef-
forts to enhance the flow of the services
provided naturally by the environment.
Unfortunately, unilateral acts to protect
the environment are insufficient to pro-
tect and preserve global resources; there-
fore, the developing world must be
convinced to act in concert with the de-
veloped world.

What sorts of arguments and programs
will the developed world put forth to
convince the developing world to sacri-
fice some portion of immediate economic
growth for the prospect of lower but per-
haps environmentally sound economic
growth? The answer to this question lies
in the answers to three others. What ef-
fect will collaborative programs for en-
vironmental protection and preservation
undertaken by the developing world have
on their own economic and environmen-
tal well-being? Does the developing world
have any selfish incentives to act in a
collaborative fashion, or must it be
"bribed" by the developed world to adopt
such programs? And lastly, are there any
environmental protection and preserva-
tion programs that will lead to a develop-
ment path that is consistent with the
institutions, cultural values, and economic
expectations of the developing world?
Obviously these three questions are per-
tinent to multilateral environmental ac-
tions, but they are also important for
unilateral actions that might be taken by
the developing world to protect and pre-
serve its own environment.
No one can purport to answer these

questions without first devising a frame-
work for thinking about the relationships
among the natural world, economic ac-
tivity, and the institutions and aspirations
of the developing world. With under-
standing of these relationships, both the
developed and developing worlds might

be in a better position to craft workable
policies that meet the expectations of each
with regard to environmental protection
and development.

Distinguishing between natural
assets and natural inventories

The terms environment and natural re-
sources are often used interchangeably as
well as independently of and in conjunc-
tion with one another. In thinking about
economic development, it is useful to dis-
tinguish between at least two aspects of
the physical world—natural inventories
and natural assets (or natural capital). This
distinction is rooted in the early develop-
ment of environmental economics and in
recent research by those concerned with
the accounting of national environmental
incomes.

Natural inventories include coal, oil,
natural gas, ores, gem stones, and other

Natural inventories such as

fossil fuels cease to exist once

they have been used, but natural

assets such as water are renew-

able because they can provide

goods and services into the

indefinite future if well managed.

such valuable materials. These items are
in fixed, although unknown, supply and
are distributed unevenly across the globe.
Once they have been put to use, they
cease to exist; and once all of them have
been exploited, nature produces no more
of them in a timely fashion. Inventories
in the true sense are items that confer
wealth to their owners because the items
have economic value. However, their ex-
ploitation produces additional national
income only in the sense that the owner
is selling off wealth. An economy does
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not grow in an economic sense by the

simple exploitation of natural invento-

ries, although traditional measures of

GNP may suggest that it has. Exploita-

tion can only lead to growth if the pro-

ceeds from the sale of inventories are
invested in capital items that will pro-

duce a greater rate of return than the
growth in the value of the inventories
themselves.

Natural assets are very different from
natural inventories. Generally identified
as the marine environment, surface and
ground waters, atmospheric resources,
agricultural and forest lands, and wildlife
habitats, natural assets provide a flow of
valuable goods and services. If they are
adequately maintained and operated
within tolerable utilization rates, they can
continue to provide flows of services into
the indefinite future. For this reason, many
natural assets have been termed renew-
able resources; however, to underscore
their service-providing nature, these re-
sources are referred to here as natural
assets or natural capital.

The value of natural assets is wealth to
the owner. Moreover, the value of the goods
and services provided by these assets, less
costs to maintain the assets and thereby
limit physical depreciation, is income to
the owner with no offsetting loss of wealth.

Natural assets provide three types of
goods and services, which economists
traditionally refer to as private, quasi-
public, and pure-public. Private goods
and services are normally exchanged in
markets, where access can be controlled
and where one individual's enjoyment of
them precludes all others' enjoyment. Ex-
amples of private goods provided by natu-

ral assets are agricultural commodities,

forestry products, and fish and wildlife

for consumption. Quasi-public goods and

services may or may not be traded on

markets, access to them can be partially

controlled, and one individual's enjoy-

ment of them may or may not affect oth-

ers' enjoyment. Examples are irrigation

and drinking water supplied by rivers,

lakes, and aquifers. Pure-public goods

and services are not exchanged in mar-

kets, thus access to them cannot be con-

trolled and all can enjoy them without

affecting any others' enjoyment. Ex-

amples are air, climate, and the aesthetic

appeal of topography, flora, and fauna.

The distinctions made in this tax-

onomy provide insight into questions of

development raised above. If natural capi-
tal is to continue to provide goods and
services over time, it must be maintained
and operated at tolerable levels of capac-
ity. This suggests that investments must

be made to maintain the quality of natu-

ral assets and that certain limitations on

their use must be provided to ensure that

their maximum capacity is not exceeded.

Private owners cannot reap

the full value of the services of

their natural assets when these

services are quasi-public or pure-

public in nature; thus owners lack

incentives to make optimal

investments in natural assets.

Unfortunately, natural assets are fre-

quently held in common, and an institu-

tional structure that could govern their

development and use is lacking. More-

over, even if these assets are assigned

property rights, owners cannot reap the

full value of their services because many

of these services are quasi-public and

pure-public. Thus owners do not have

the proper incentives to make the opti-

mal investments in natural assets.

By contrast, consider capital gener-

ated by people. Such capital is not an

endowed commodity, but must be accu-

mulated by slowly saving surplus from

the economy and then turning the surplus

into capital. In this context, surplus re-

fers to an excess of national income above

some socially determined level of sub-

sistence.
That surplus is being accumulated sug-

gests the institutions are in place to en-

sure that additional surplus can be

generated to maintain the capital. In the
case of natural assets, this is not true.

Natural assets come as an endowment
and generate services, but these services
alone may not be sufficient to supply the

surplus necessary to maintain the assets.

Thus over-cropping, over-fishing, over-

hunting, deforestation, and the like may

occur without a complementary reinvest-

ment to maintain the productivity of the

assets being utilized.
To suggest that natural capital must be

maintained and utilization controlled with-

out the economic horsepower necessary to

provide the needed surplus or the institu-
tional mechanisms to control utilization is

to misunderstand the relationship among

economics, institutions, and the natural

world. If economic value in excess of

simple subsistence requirements cannot be

generated, the means to maintain natural

assets cannot be provided and utilization

of those assets probably cannot be limited.

Under such circumstances, if standards of
living are not permitted to fall in the short

run, all endowments will be consumed in

the long run.
The above characterization of natural

assets suggests that environmental pres-

ervation and protection programs cannot

be effective in sustaining natural assets

until institutions are in place to manage

the common property nature of these as-

sets, and economic development has pro-

ceeded to such an extent that required

surpluses exist. If institutions and sur-

pluses are prerequisites for environmen-

tal protection and preservation, then it

seems only natural to deal with these

issues before turning to the environmen-

tal programs themselves.

Demand for the services of
natural assets

It has been remarked that the United

States is fortunate to have constructed its

interstate highway network; power gen-

eration, transmission, and distribution

systems; flood control and irrigation

dams; and most other aspects of its infra-

structure before the current wave of en-
vironmental thinking engulfed much of

the developed world. The United States
would have a difficult time installing this

infrastructure now—not due to a lack of

surplus or institutions but to a strong pref-

erence for the goods and services pro-

vided by natural assets and to a growing
environmental ethic.

Fifty years ago the United States was

not as concerned about its natural envi-

ronment as it is today. One hundred years

ago it was even less concerned. It has

been hypothesized that the accumulation

of knowledge and the evolution of eco-
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nomic growth over those years may be
largely responsible for current feelings
toward the environment in the United
States and other parts of the developed
world. This hypothesis would suggest
that, in economic terms, individuals view
the environment as a "superior" good—
that is, as income increases, the demand
for the services of natural assets and for
environmental protection and preserva-
tion grows proportionately larger than
the demands for other goods.
A second hypothesis can be ventured.

Some evidence suggests that the desire
for particular kinds of environmental
goods and services changes as income
and wealth increase such that private
goods and services are desired first, fol-
lowed by quasi-public goods and ser-
vices, and finally by pure-public goods
and services. On the basis of this evi-
dence, it can be hypothesized that indi-
viduals alter their preferences for the
services of natural assets to give greater
weight to the more "public" aspect of
these services as wealth and income rise.

What implications do these hypoth-
eses have for economic development and
the establishment of environmental ac-
cords between the developed and devel-
oping worlds? They may suggest that it
is ill-advised to ask the developing world
to concern itself with the protection and
preservation of the natural assets giving
rise to pure-public goods (for example,
climate resources) until it has generated
the demand, institutional structure, and
needed surplus to wisely manage those
natural assets providing private and quasi-
public goods and services (for example,
safe drinking water and clean air). Even
if the developed world could provide the
needed surplus and the institutions to sup-
port maintenance of natural assets in the
developing world and establish a work-
able mechanism for transferring this sur-
plus and these institutions, natural assets
would still not be preserved and pro-
tected without an indigenous demand for
Pure-public services. In other words, es-
tablishing indigenous demand is the nec-
essary prerequisite for any further activity.
Although there is probably little doubt
that in developing countries a demand
exists for the private and quasi-public
services of natural assets, it is uncertain
Whether a demand currently exists there
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Natural assets provide private goods such as agricultural commodities, quasi-public goods
such as water for irrigation, and pure-public goods such as aesthetic appeal. Private goods
are exchanged in markets, where access to them can be controlled and where one
individual's enjoyment of them precludes all others enjoyment. Quasi-public goods may or
may not be traded in markets. Pure-public goods are not exchanged in markets.
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for the more intangible pure-public ser-

vices of those assets. There is even greater
uncertainty regarding the issue of when
in the process of economic development
that demand would manifest itself.

Implementing a preservation and
protection strategy

The above hypotheses suggest the fol-
lowing strategy for preserving and pro-
tecting natural assets in the developing
world. First, institutions needed to man-
age the unique character of natural assets
must be established. Second, economies
need to be stimulated to generate a sur-
plus. This, of course, is nothing new;
however, it is worth pointing out that the
surplus would permit not only the needed

Even without regard for the

environment, it makes sense to

enhance natural capital that

provides private services, be-

cause degradation of and failure

to replenish this capital de-

presses economic development.

investments in natural assets but would
accelerate economic growth. If it is true
that individuals attach greater importance
to the more public aspects of services pro-
vided by natural assets as wealth and in-
come rise, then the greater the economic
growth, the greater the demand for envi-
ronmental protection and preservation.

The above strategy can be imple-
mented by focusing on those natural as-
sets that provide private services—in
particular, agricultural and forest lands
and fish habitats. Degradation of these
assets, which occurs often in the devel-
oping world, indicates not only environ-
mental decay but economic development
problems. The private goods and services
provided by natural assets sustain life
and help generate a surplus. If the natural
capital used to produce these services is
degraded and is not replenished, the
economy can only get worse. Thus, on
the grounds of economic development

and without any regard for the environ-
ment, it makes sense to enhance this capi-
tal. Moreover, since the services provided
by natural assets directly feed economic
development, an indigenous demand for

such enhancement probably already ex-
ists, and a negotiated program for en-
hancement may be easy to obtain.

Emphasis should also be placed on

those assets providing quasi-public ser-
vices—surface and ground water and air.

Degradation of these assets can pose se-
vere public health problems, which

weaken not only the economy, but people

as well; resolution of these problems

should be given the highest priority.
Focusing on natural assets that pro-

vide private and quasi-public services

may lead in the short run to the degrada-
tion of other assets that provide pure-

public services—most notably, climate.
For example, a strategy to reduce deadly
levels of air pollution in Beijing may
involve centralized heating systems rather
than more energy-efficient decentralized
systems. Yet some natural assets must be
given priority over others. If a plan of
action for preserving and protecting natu-
ral assets is to be negotiated under a re-
gime in which the developed world and
the developing world treat each other as
equals, logic suggests that the plan focus
on resources that are already in demand
by the developing world and that would
aid economic development and enhance
public health.

Caring, nurturing, and ranking
natural assets

The preceding analysis suggests two mes-
sages of importance for the United Na-
tions Conference on Environment and
Development. First, natural assets are spe-
cial forms of capital, and like all capi-
tal—generated by people or naturally
occurring—they require care and nurture
if they are to continue to provide ser-
vices. In the context of natural assets,
care and nurture have particular implica-
tions. Care implies an institutional struc-
ture that is able to encourage the capacity
of these assets to continue providing ser-
vices. Nurture implies the ability to di-
rect economic surplus to the maintenance
and regeneration of the assets that have
been injured or are currently being in-

jured through use. Care and nurture re-
quire institutional as well as economic
development, and such development
should be the first priority of the devel-
oped world.

Second, setting aside issues regarding
the ability and commitment of the devel-
oped world to transfer wealth and tech-
nology to the developing world,
competing claims for small economic
surpluses means that some sacrifices will
be required of the developing world.
These sacrifices will be necessary in the
short run for all environmental preserva-
tion and protection projects, whether or

It will be easier to convince a

country to pay for protecting

natural assets if the country has

a demand for the services that

protection programs are intended

to enhance.

not they are aimed at natural assets that
produce private, quasi-public, or pure-
public services. The difficulty of con-
vincing a country to bear the costs of
preserving and protecting these assets will
be lessened if the country has a demand
for the services that proposed protection
and preservation programs are intended
to enhance.

It is important to realize that every
country will rank its desire for particular
services and that this ranking may not be
to the liking of the developed world. How-
ever, any progress toward protecting and
preserving natural assets that can be
agreed upon will help build an indig-
enous environmental ethic and demand
for additional progress. If everyone has
patience in pursuing their environmental
agendas, perhaps in time all will be
served. If haste prevails, degradation of
natural assets may increasl. •

Raymond J. Kopp is director of and a
senior fellow in the Quality of the Envi-
ronment Division at RFF.
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Population issues

Analysts disagree about the consequences
of rapid population growth. Are the social
and economic repercussions so severe that
governments should intervene to ensure
that population quickly declines to replace-
ment levels? Neo-Malthusians answer yes,
asserting that diminishing returns will at-
tend population growth as a result of each
individual having fewer and fewer of more
or less fixed production inputs. However,
revisionists contend that population growth
can lead to increasing as well as diminish-
ing returns, depending on how effectively
adjustment mechanisms operate. Both
views are flawed. What one can say is that
risks to future generations would be less if
Population growth were to cease sooner
rather than later. The sooner it ceases, the
more time, resources, and options human-
ity will have to redress problems resulting
from past and future growth.

W
e are living at a time in
history when the growth
rate of the world's popu-
lation has just peaked.

Two hundred years ago, there were ap-
proximately one billion people on earth.
The second billion was added during the
next 130 years, the third in 35 years, the
fourth in 15 years, and the fifth in just 10
years. Most of this growth has occurred
in developing countries where death rates
have been falling without commensurate
declines in birth rates. Currently these
countries are growing at 2.0 percent per
year (2.7 percent excluding China), com-
pared with 0.6 percent per year in the
member countries of the Organization
for Economic Cooperation and Develop-
ment (OECD). Within each of these two
groups there are substantial variations:
the population of many African coun-
tries is growing at more than 3 percent
Per year, while populations in Sri Lanka,
China, South Korea, and the south Indian
states are growing at less than 1 percent
Per year. Among the OECD countries,
the United States' population is growing
at about 1 percent, while populations in

parts of European countries are experi-
encing zero or slightly negative growth.

There are signs that birth rates are
beginning to adjust downward in the de-
veloping countries. Between 1965-1970
and 1980-1985, the total fertility rate
(the number of children women are ex-
pected to have over their reproductive
years) declined by 30 percent, from 6.1
to 4.2 births per woman, nearly half way

to a replacement level of 2.1 births. While
variation in birth rates in different coun-
tries is substantial, nearly all countries
have now experienced some decline in
these rates. There are also signs that mor-
tality rates are declining at a slower rate.
How long these new trends will con-

tinue is anyone's guess. Most projections

assume total fertility rates in all countries
will decline to replacement levels in the
next 70 years, after which population

growth will cease when the bulge of

young in the age structure completes the
child-bearing years. If this occurs and
mortality trends continue, the earth's
population, which now stands at 5.2 bil-
lion, will double in the next 30 years and
reach 12 billion by 2100 (see figure, p.12).

Of course, great confidence cannot be
placed in these projections. Fertility rates

could cease declining long before replace-
ment. In Bangladesh, for example, they

have declined from a peak of 7.0 to 4.9
children per woman; but it is difficult to

imagine what could change during the

next 30 years (when the World Bank
assumes that replacement will be reached)
to make couples content to have no more

than two children, especially if one of
them is not a boy. This decline has oc-
curred in large part because of
Bangladesh's massive family planning
program, which has raised the contracep-
tive use rate from 3 to 35 percent since
1970. But even if it were to reach 50
percent—the rate achieved in the Matlab
District, where extraordinary efforts have
been made—the total fertility rate would
still be above 3 percent. And death rates
could decline more or less rapidly, de-

Ronald G. Ridker

pending on hard-to-predict changes in
and the spread of medical technology, as
well as the spread of new diseases like
AIDS. Indeed, according to some ana-
lysts, AIDS could even result in a nega-
tive growth rate in some countries.

The overarching policy question for
governments is whether public funds
should be used to influence these trends.
Nearly everyone believes the answer is
yes in regard to mortality. Most also be-
lieve that it is appropriate to use public
funds to help poor families achieve their
fertility goals—at a minimum, to help

them avoid unwanted childbearing in safe,
inexpensive ways, if for no other reason
than to reduce the number of septic abor-
tions (believed to be 25 percent of all
maternity-related deaths in developing
countries). In addition, most would agree
that public funds should be used to help

There is agreement that

public funds should be used to

help poor families achieve their

fertility goals, but disagreement

about whether these goals would

result in the best level and rate of

population growth for society.

alleviate poverty and improve the distri-
bution of income—in the short run be-
cause per-capita income of poor families
is raised and in the long run because
returns to labor relative to returns to capi-
tal should improve.

More substantial differences of opin-
ion exist on the question of whether the
achievement of individual fertility goals
results in the best level and rate of popu-
lation growth for a given society as a
whole, and if it does not, what should be
done about it. For example, in Kenya,
where recent surveys indicate that couples
desire an average of 4.4 children (com-
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pared with an actual number of 6.7), the
elimination of all unwanted births would
still leave the population growing at sub-
stantially more than 2 percent per year.
In this case, should the government go
beyond the typical family planning pro-
gram—which focuses on making sup-
plies, services, and information available
to those who want it—to try to more
directly and aggressively influence the
demand for children?

Put somewhat differently, what are
the social and economic consequences of
rapid population growth? Are they so
severe, or likely to be in the near future,
that governments should intervene to en-
sure that replacement levels are achieved
quickly, despite the fact that personal pref-
erences are moving in that general direc-
tion anyway? This is a question that
delegates to the United Nations Confer-
ence on Environment and Development
(UNCED) must also ask—and help to
answer. Can they find solutions to the

environmental problems the world faces
without resorting to substantial govern-

ment interventions to rapidly reduce
population growth, or must such inter-
ventions be part of the package of
policies necessary to resolve global envi-

ronmental problems? While there are no
definitive answers to this question, it helps
to provide a context from which to judge

the answers that have been given by the

major schools of thought on population

growth.

The neo-Malthusian answer

A few years ago most policymalcers con-

cerned with the prospects for development

in the face of rapid population growth

would have answered the questions about

the need for government intervention in

the affirmative with little hesitation—in

part because there was little or no evidence

that fertility rates would decline in many

developing countries without government

intervention. But such affirmation was also

the result of acceptance of a set of proposi-

tions about the economic, resource, and
environmental consequences of population
growth, especially in poor countries. In

one form or another, these views boil down

to the assertion that diminishing returns
will eventually set in as population growth
continues because each person will have
less and less of more or less fixed factors
of production.

In a 1958 study, Population Growth
and Economic Development in Low-
Income Countries, two prominant ana-
lysts, Ansley Coale and Edgar Hoover,
focused on capital, claiming that over
time it would grow less rapidly than the
labor force because the savings rate would

not increase with an increase in the popu-
lation growth rate. Indeed, they argued
that because rapid population growth in-
creases the proportion of youth in the
population, savings—and hence invest-
ment as a fraction of total output—would
decline (since youths must be supported
before they enter the labor force); they
also argued that an increasing proportion
of investment would have to be devoted
to less productive capital such as educa-
tion, health, and infrastructure.

Others—including the authors of the
1972 study Limits to Growth and of a
1980 report by the U.S. Council on Envi-
ronmental Quality—have focused on in-
puts of land, natural resources, energy,
and environmental carrying capacity, ar-
guing that these inputs are ultimately fixed
in supply because of the finiteness of the
earth. In addition, they have argued that
phenomena such as deforestation, wide-
spread malnutrition and periodic famines,
species loss, and global warming are signs
that these limits are close at hand. The
possibilities inherent in technological
improvements, in substitution of more
for less abundant resources and of capital
generated by people for natural resources,
and in regulations to restrict environmen-
tal pressures were assumed, without much
investigation, to be insufficient to seri-
ously affect such conclusions.

Neo-Malthusians ignore the

fact that the prices of most raw

materials have declined and that

the capacity to substitute more

for less abundant materials is

greater than once thought.

These strands of thought, while very
different analytically, are grouped to-
gether here because they both lead to the
same policy conclusion that population
growth should cease relatively rapidly.
Indeed, according to one analyst, the
Coale-Hoover thesis provided the justifi-
cation for including birth control as part
of U.S. foreign policy during the early
1970s. The limits-to-growth literature of
the 1970s and early 1980s bolstered and
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added a sense of urgency to this policy
conclusion.

Both strands of thought stimulated a
large body of comment and research that
slowly built up a case against this neo-
Malthusian view. Some analysts found
that the magnitude of the Coale-Hoover
effects were small and unimportant in
many countries. Others found that the
long-run trend in the prices of most raw
materials was downward—implying de-
creasing rather than increasing scarcity—
a result mainly of rapid and continuing
technological progress. Case studies of
famines and deforestation found that
while population growth exacerbated
these problems, such phenomena were
Primarily the result of inappropriate poli-
cies. Still others found the elasticities of
substitution in consumption and produc-
tion to be high, implying greater capacity
to substitute more for less abundant ma-
terials than previously believed possible.
Some even found evidence that popula-
tion pressure could have a multiplier ef-
fect on technological change, stimulating
it not only to offset but to reverse the
tendency toward diminishing returns, es-
pecially in agriculture.

The revisionist view

Out of this intellectual ferment a new
view began to emerge, the first major
statement of which can be found in a
1986 report, Population Growth and Eco-
nomic Development: Policy Questions,
by the National Research Council. This
report, plus subsequent elaborations by
others, concluded that population growth
can lead to increasing as well as dimin-
ishing returns, depending to a large ex-
tent on how effectively a variety of
adjustment mechanisms operate—mecha-
nisms such as capital, labor, and raw ma-
terials markets. Where these mechanisms
Operate well, as they generally have in
developed countries, they will induce sub-
stitutions in consumption and production
plus technological and institutional inno-
vations that can significantly reduce the
Potential negative impacts of population
growth and might even result in a net
Positive effect. In this view, because the
various adjustment mechanisms operate
less effectively in developing countries,
it is generally concluded that the net im-

pact of rapid population growth in most
(but not all) of these countries is prob-

ably negative, but not so negative as to
cause alarm.

Not surprisingly, this view has lent
support to those who would play down
the importance of population control pro-
grams. It has also led some to argue that

the focus of attention should be on insti-
tutional development in order to improve

the operation of the various adjustment
mechanisms, rather than on population
control. Some have even argued that rapid

population growth itself is a result of
underdeveloped social institutions—for
example, the absence of social mecha-
nisms for providing physical, economic,
and old-age security, which forces par-

ents to rely more on their offspring.
In many ways these revisionist writ-

ings are more sophisticated than those of

the neo-Malthusians. They systematically

incorporate feedback mechanisms, pro-

vide a better explanation of past history,
try wherever possible to use proper sta-

tistical methods, and reach conclusions

cautiously—pointing out, for example,

differences among countries and calling

attention to biases resulting from the
omission of some variables. Neverthe-

less, the revisionists' conclusions, like

those of their predecessors, leave much

to be desired.
First, most of their statistical studies—

such as those purporting to show that the

Coale-Hoover effects are small and that

the elasticities of substitution are large—

use data from developed countries or from

cross-section studies that inappropriately

lump together countries at different stages

of development. Even if these findings

are some day confirmed by better data, it

must be remembered that the policy con-

cern is with the future, not the past. Hence,

even refined statistical studies are not

going to resolve the differences of opin-
ion between these two points of view.

Second, while the revisionists include a
variety of different feedback mechanisms,
one they leave out is the impact of popula-
tion growth on the adjustment mechanisms
themselves. Population growth and the
pressures caused by past population growth
sometimes make it more difficult for insti-
tutions to find solutions and to adopt and
implement appropriate policies. The larger
the group restricted from using a common

property resource like grazing land, the
more difficult it will be to privatize the
resource—a commonly proposed solution
to overexploitation. The larger the popula-
tion living in poverty, the more difficult it
will be to achieve a "global bargain" to
substitute cleaner but more expensive fu-
els for wood and coal. While population
pressure increases the need to search for
technological innovations, it could result in
less trained manpower and fewer resources
being free to engage in this search. In
short, it is possible for society to have an
overload of problems needing solutions, in
which case more population growth could
lead to less innovation rather than more.

Third, the revisionists ignore the im-
pacts of population and economic growth

on the physical environment—the under-
lying life-support systems—in which
they are embedded. While it was a useful
simplification to ignore such impacts a
century ago, it is no longer useful to do

so today and will become even less so in
the future.

A more cautionary approach

To return to the overarching policy ques-
tion: population growth must eventually
cease; with what sense of urgency should
that target be approached? Neither of the

The sooner population growth

ceases, the more time humanity

has to address the mistakes of

past growth.

views described above provides a satis-
factory answer. Those favoring the neo-
Malthusian perspective do not explain
why substitutions and innovations will
not continue (as they have in the past) to
improve the lot of humanity even while
population growth continues. Revision-
ists do not explain why they believe these
adjustment mechanisms will suffice in
the future to offset the tendency toward
diminishing returns as humanity's im-
pact on the earth continues to increase.

What one can say—and what is most
relevant for UNCED—is that the risks to
future generations would be less and the
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options greater if population growth were
to cease sooner rather than later. The
longer population growth continues, the
more committed humanity becomes to a
particular set of problems: more rapid
depletion of resources, greater pressures
on the environment, more dependence
on continued rapid technological devel-
opment to solve these problems, fewer
options, and perhaps continued postpone-
ment of the resolution of other problems
including those resulting from past

growth. The sooner population growth
ceases, the more time humanity has to
redress the mistakes of past growth, the
more resources it has to implement solu-
tions, and the more options it has to de-
cide how it wants to live in the future.

These benefits must be balanced against
the costs of overriding individual prefer-
ences where those preferences do not natu-
rally lead to a cessation of population
growth. This balancing can only be
achieved in the political arena. Additional

study might help to clarify issues; but after
two hundred years of debate, little that is
new is likely to be unearthed that will
make policy decisions regarding popula-
tion easier, given the inevitable uncertain-
ties about the long-run future. •

Ronald G. Ridker is a senior economist
in the Operations Evaluation Department
of the World Bank and a former senior
fellow at RFF.

Sustainable agriculture

Most future increases in global demand
for food are expected to arise by 2050.
By that time, demand could increase by
2.5 to 3.0 times the present level. The
global agricultural system will fail to in-
crease food production that much over
the next 60 years' if policies to achieve
agricultural sustainability focus primar-
ily on increasing the supplies of energy,
land, water, climate, and genetic re-
sources in the present state of knowl-
edge. The potential supplies of these
resources simply are inadequate. The only
hope of sustainably meeting the future
increase in demand for food is to invest
in expanding the supply of knowledge
about agricultural production.

C
oncern about the world's abil-
ity to feed itself dates at least
from the time of the English
economist Thomas Robert

Malthus in the early nineteenth century.
The concern has waxed and waned since
then, but the adequacy of global agricul-
tural capacity still figures prominently
on the policy agendas of many countries
and international organizations concerned
about economic development. It surely
will be prominent in the forthcoming de-
liberations of the United Nations Confer-
ence on Environment and Development.
A sustainable agricultural system is

one that can indefinitely meet demands

for food and fiber at socially acceptable
economic and environmental costs. There
is unavoidable ambiguity in the meaning
of socially acceptable costs. No consen-
sus has emerged about what standards
should be used to judge acceptability.

Yet concern about costs drives the cur-
rent discussion about sustainability in ag-
riculture and development generally. If
we are to think fruitfully about the con-
cept of sustainability in agriculture we
cannot avoid thinking about costs.

Concern about sustainability reflects
a sense of intergenerational obligation.
With respect to agriculture, this means
that each generation is obliged to man-
age its affairs so as to provide subsequent
generations with the opportunity to en-
gage in agricultural production at accept-
able economic and environmental costs.

Sustainability cannot be discussed use-
fully without specifying the spatial scale
of production units and the possibilities
for movement of goods and people among
units. In the absence of such possibili-
ties, the agricultural system of a region
may be unsustainable because it cannot
meet the demands on it at costs the people
of the region find acceptable. Where trade
and emigration are possible, the relevant
spatial scale is greater, a region can sub-
stitute lower-cost food and fiber for its
own high-cost production, and people can
move from one region to other regions

Pierre R. Crosson

where costs are lower. Thus the agricul-
tural system for a group of regions (or
countries) linked by trade and migration
of people may be quite sustainable even
though the systems for each separate re-
gion (or country), without the linkages,
would be unsustainable. Most farmers
are connected through trade to markets
for their output in their immediate region
and often to more distant regional, na-
tional, and international markets. Thus

Intergenerational obligation,
spatial scale of production units

and movement of goods and

people among units, and scale

of demands for production create

a workable meaning of sustain-

able agriculture.

the spatial scale appropriate for discus-
sions of sustainable agriculture is global.
A discussion of sustainable agricul-

ture must also specify the scale of the
demands for production imposed on the
system; in general, the problems of
achieving sustainability become more
difficult as demand for the system's out-
put increases. The quantitative dimen-
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sion of sustainability thus is crucially
important.

Taken together, the above concepts
create a workable meaning of sustain-
able agriculture. That meaning has a tem-
poral dimension—the indefinite future; a
spatial dimension—the world as a whole;
a quantitative dimension—the demands
placed on the system now and in the
future; and a normative dimension—the
need to meet those demands over time at
economic and environmental costs that
society deems to be acceptable. In con-
sidering the sustainability of the present
agricultural system in these respects, it is
useful to begin with prospective future
demands on the system.

The global demand scenario

If current population projections by the
United Nations are accurate, most of the
future increase in global demand for food
will occur by about 2050. By then global
Population will be close to the expected
ultimate total of 10 billion to 12 billion
(the present global population is 5.2 bil-
lion). In addition, if the global system as
a whole proves to be sustainable, per
capita income in the less developed coun-
tries (LDCs) will have risen to the point
at which additional income would stimu-
late little additional spending on food
because at that income level most people
would be adequately nourished. In more
developed countries (MDCs), per capita
income already is at that point. Thus the
critical period for the global agricultural
system is roughly the next 60 years. If
the system can sustainably meet the in-
crease in demand over that period, it prob-
ably will be indefinitely sustainable.

Research at Resources for the Future
(RFF) indicates that the projected increase
in global population, combined with a
Plausible increase in per capita income in
the LDCs, could increase global food de-
mand 2.5 to 3.0 times the present level
by the middle of the next century. The
sustainability question is whether the glo-
bal agricultural system will be able to
increase food production that much over
that period at acceptable costs. The an-
swer to the question will depend on the
ability of the system to mobilize the re-
sources—the social capital—necessary to
sustain the production increase.

The concept of social capital

The question of sustainability can be put
in terms of the kinds and amounts of
social capital that intergenerational eq-
uity requires to be passed from one gen-
eration to the next. Social capital consists
of all the natural and human-made re-
sources used to produce goods and ser-
vices valued by people. For agricultural
sustainability, social capital includes sup-
plies of energy, land, irrigation water,
plant genetic material, climate, and
knowledge embedded in people, technol-
ogy, and institutions.

Energy. Over the next several de-
cades global energy supplies are likely to
be increasingly constrained by both ris-
ing real prices and concerns about the
environmental costs of fossil fuels—
among them the costs of the greenhouse
effect on the global climate. Experience
since the run-up in energy prices in the
1970s suggests that farmers should be
able to adjust reasonably well to future
increases in energy costs, should they
occur. There is little doubt, however, that
eventually the costs of fossil fuels will
rise high enough to pose a threat to
sustainability, not only in agriculture but
also in the economy as a whole. Avoid-
ance of the threat will require develop-
ment of renewable and other nonfossil
sources of energy. When this must occur
is uncertain; but that in time it must oc-
cur is not.

Land. The supply of land has both
quantitative and qualitative dimensions.
The United Nations Food and Agricul-
ture Organization estimates that world-
wide some 1.5 billion hectares currently
are in crops of all kinds. Sketchy esti-
mates indicate some 1.8 billion additional
hectares have the soil and climate condi-

tions suitable for crop production. How-
ever, for several reasons this estimate
surely overstates the amount of land that
could be converted to crop production
over coming decades at acceptable eco-
nomic and environmental costs. Much of
the potential cropland is of inferior qual-
ity in comparison with current cropland.
Moreover, most of it is in Africa and
Latin America, but much of the future
increase in demand for food will be in
already land-scarce Asia. Asian countries
will be able to draw on imports to offset

some of their land constraints, but con-
cern about food self-sufficiency probably
would limit this response. Asian coun-
tries are not likely to view a hectare of
potential land in Africa and Latin America
as equivalent to a hectare within their
own borders.

Estimates of potential cropland are also
overstated because they do not take ac-
count of the opportunity costs of con-
verting the land to agriculture. Yet these
costs could be significant. Much land
around urban areas in LDCs will be priced
out of the agricultural market by demands
to accommodate rising urban populations.
And the clearing of forests in order to
graze animals and raise crops already is
seen by many as having high opportunity
costs because of the losses of plant and
animal genetic diversity that clearing is
believed to entail. Governments in the

Estimates of potential crop-

land overstate the amount of land

that could be converted to crop

production at acceptable eco-

nomic and environmental costs.

tropics are under increasing pressure from
governments of MDCs and the interna-
tional environmental community to re-
duce these losses by curbing forest
clearing, and the pressure likely will con-
tinue to grow.

As noted, the average quality of most
potential cropland is less than that of
land presently in crops. In addition, the
quality of agricultural land can be and is
degraded by soil erosion, salinity buildup
in irrigated areas, compaction from over-
use of heavy tractors or trampling by
animals, loss of nutrient supply through
overgrazing, and other kinds of damage.
Global land degradation through these
various processes is widely believed to
be severe. However, work done at the
World Bank and elsewhere indicates that
the evidence of land degradation is too
sparse to warrant firm conclusions about
the extent of the problem. Research at
RFF and at the U.S. Department of Agri-
culture indicates that soil erosion in the
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Estimates of the potential for additional irrigation must take account of the environmental and economic costs of irrigation projects.

United States, widely believed to be a
major threat to the sustainability of the
nation's agriculture, is not in fact a seri-

ous problem. Comparable studies have
not been conducted for other countries. It
is worth noting, however, that global crop
yields (output per hectare) continue to
increase, as they have for the last 40
years, indicating that on a global scale
soil erosion has not so far seriously im-
paired land quality.

Water. About 17 percent of the
world's cropland, producing about one-
third of global crop output, is irrigated.

Almost 75 percent of this land is in the

less developed countries, 62 percent of it

in Asia—mostly in India, China, and

Pakistan. Africa has a little more than 4

percent of the global total of irrigated
agricultural land, and Latin America

about 6 percent.
World Bank estimates indicate that,

based solely on soil and climate factors,
the present area of irrigated land world-

wide could be increased about 50 per-
cent. However, these estimates, like those
for potential cropland, almost surely over-
state the real potential for additional irri-

gation. The estimates give too little weight

Estimates of the potential for

expanding irrigation at socially

acceptable costs do not properly

account for the rising demand for

nonagricultural uses of water

and inefficiencies in the use of

irrigation water.

to the economic and environmental costs
of additional irrigation. World Bank stud-
ies of India's experience show that the
real economic costs of recent irrigation
projects were substantially higher than

the costs of earlier ones, in large part
because the best sites were developed
first. Nor do the estimates of potential
irrigation take proper account of sharply
rising demands for nonagricultural uses
of water in urban areas and for instream
flows to protect aquatic habitat.

Much irrigation water is inefficiently
used, not only because it is typically
priced well below its true social value
but also because much of it is managed
by large, unwieldy public bureaucracies.
Even if these inefficiencies were re-
moved—a formidable undertaking—the
potential for expanding global irrigation
at socially acceptable economic and en-
vironmental costs surely is well below

that suggested by the World Bank esti-
mates.

Climate. Although there now is a
strong scientific consensus that the glo-
bal climate will change over the next 50
to 100 years because of the greenhouse
effect, there is no consensus about the
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consequences of this for global agricul-
tural capacity. Studies conducted for the
Intergovernmental Panel on Climate
Change and by the U.S. Department of
Agriculture suggest that climate change
might reduce global agricultural capacity
by 15 to 25 percent. However, these esti-
mates make no allowance for the ability
of farmers to adjust to the changed cli-
mate or for agricultural research institu-
tions to develop new technologies better
adapted to the changed climate. Research
at RFF on the impacts of climate change
on agriculture in the midwestern United
States indicates that these various adjust-
ment processes could virtually eliminate
the negative effects of a hotter and drier
climate in the Midwest.

Steps taken to limit climate change
would reduce the damage to the social
capital represented by the climate. In the
best of circumstances, however, the cli-
mate will contribute little if anything to
meeting the prospective increase in glo-
bal demand for food and fiber.

Genetic materials. Crops and ani-
mals are under continuing assault from
a host of pests and diseases and from
climatic vicissitudes. Maintenance of
present levels of crop and animal pro-
duction requires a sustained effort by plant
and animal breeders to develop new vari-
eties better able to resist this assault. Ex-
panding agricultural production on the
needed scale will require an even more
intensive effort by breeders. To succeed
in this, breeders must have access to a
broad range of genetic material for de-
veloping more resistant and productive
varieties of plants and animals. The plant
and animal gene pool, therefore, is a criti-
cal resource for achievement of sustain-
able agriculture.

Most of the research on the supply of
genetic resources for agriculture has dealt
With plants. "Banks" to protect plant ge-
netic materials have been set up by pri-
vate firms and governments—most
Prominently, by the U.S. government—
and by the Consultative Group on Inter-
national Agricultural Research (CGIAR).
These gene banks serve not only as re-
Positories for plant genetic materials but
also as distributors of the materials to
Plant breeders worldwide.
A study for the World Bank of the

CGIAR system criticized some details of

the system's performance but overall
gave it high marks. Studies by World
Bank researchers of the gene bank sys-
tem as a whole pointed to some poten-
tially serious weak spots in LDCs,
particularly in Africa, but also concluded
that in general the system is robust. The
key question is whether the global gene
bank system will continue to receive
the support from national governments
and international institutions that it will
need to maintain that state of health.
If it does, the plant genetic resource

Gene banks are crucial for

the development of hardier, more

productive plant varieties; the

question is whether the global

gene bank system will receive the

support needed to maintain its

present health.

should be adequately protected. However,
as the resource already is reasonably well
managed, improvements in its manage-
ment are unlikely to add much to its
supply.

Knowledge. Given the present state
of knowledge, the above discussion points
to the conclusion that the potential sup-
plies of energy, land, water, climate, and
genetic resources would be quite inad-
equate to meet the prospective increase
in global demand for food and fiber at
acceptable economic and environmental
costs. The implication is that most of the
burden of sustainably meeting future de-
mand must be carried by increasing the
productivity of these combined resources.
Achieving the necessary increases in pro-
ductivity will require a substantial in-
crease in the social capital represented
by knowledge of agricultural production
embedded in people, technology, and in-
stitutions.

Thus the critical question for agricul-
tural sustainability is whether the global
supply of knowledge can be expanded on
the requisite scale. Although the answer
must be uncertain, there are grounds for
optimism. Compared with the other re-

sources, the supply of knowledge about
agricultural production is subject to few
physical constraints. Knowledge accumu-
lates; it is never used up and, in today's
world, it is quickly and cheaply transmit-
ted to the remotest regions of the globe.
Reflecting these characteristics, agricul-
tural knowledge has grown enormously
over the last several decades and has ac-
counted for most of the 2.5- to 3.0-fold
increase in global agricultural produc-
tion since the end of World War II. The
international agricultural research system
and the national agricultural research sys-
tems in more developed countries appear
up to the future task if they continue to
get adequate financial support. Private
firms in those countries also are promis-
ing sources of new knowledge—for ex-
ample, in biotechnology. Capacity to
expand knowledge also is well devel-
oped in Asia, but is less satisfactory in
Latin America, and least satisfactory in
Africa. This capacity must be increased.
In addition, agricultural research institu-
tions will have to focus more on tech-
nologies and practices less dependent on
irrigation and on fossil fuels, and more
friendly to the environment than those
now in common use.

Governments all around the world are
moving toward greater use of agricul-
tural markets, and this will strengthen
farmers' incentives to use the new knowl-
edge as it becomes available. The gov-
ernments of many LDCs, however, have
consistently underinvested in the educa-
tion of rural people. This potentially seri-
ous obstacle to the needed expansion in
knowledge must be overcome.

Expanding knowledge on the scale
needed to achieve a sustainable agricul-
tural system 2.5 to 3.0 times as large as
the present one poses a formidable chal-
lenge to the global community. The his-
torical record suggests that the challenge
can be met. The potential consequences
of failure provide perhaps the strongest
assurance that it will be. •

Pierre R. Crosson is a senior fellow in
the Energy and Natural Resources Divi-
sion at RFF.
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Climate variability and development

Agreement on an international conven-
tion to mitigate the buildup of green-
house gases could be one of UNCED' s
important achievements. However, it is
also important that the conference ad-
dress the problem of existing climate vari-
ability, which at present complicates the
sustainable development of resources in
developed countries and, even more so,
in developing countries. Agriculture il-
lustrates the vulnerability of societies to
this variability, yet it also demonstrates
a potential for adaptability. Agriculture's
response to drought suggests that better
means of adapting to existing climate
variability would provide immediate ben-
efits and would likely expand the range
of options available to cope with climate
change in the future.

C
limate influences biological,
physieal, and social processes
and is inextricably linked
with other natural processes

as well as with economic development.
Concern over recent "unusual" climate
events (such as the 1988 drought in North
America) and the potential for global cli-
mate change has focused world attention
on the importance of climate as a natural
resource and on its role in economic de-
velopment. Human-induced global cli-
mate change, in particular, has become
an issue of considerable public concern
and political interest. There is an emerg-
ing consensus in the world's scientific
community that an increasing atmo-
spheric concentration of radiatively ac-
tive trace gases (greenhouse gases)—such
as carbon dioxide, methane, chlorofluo-
rocarbons, and nitrous oxide—resulting
from human activity could warm the sur-
face of the earth by 1.5° C to 4.5° C by
the middle of the next century. Such glo-
bal warming could produce fundamental
changes in the earth's climate—raising
global sea levels by .25 to 1.5 meters,
affecting agriculture and water resources,
and altering natural ecosystems—with

Peter M. Morrisette and Norman J. Rosenberg

potentially costly implications for the
economies of all the world's countries.

In response to growing international
concern over global climate change, the
United Nations General Assembly estab-
lished the Intergovernmental Negotiat-
ing Committee (INC) in 1990 to develop
a framework for an international conven-
tion on climate change. The focal point
of the proposed convention is to be miti-
gation of the buildup of greenhouse
gases—particularly carbon dioxide
(CO2). Some countries, such as Germany
and The Netherlands, have already en-
dorsed specific targets and timetables for
stabilizing and reducing CO2 emissions.
Other countries, such as the United States,
have advocated a more cautious approach.
Developing countries see global climate
change as further evidence of the need
for the international community to ad-
dress problems of economic development

An effective international

response to global climate

change must involve components

of both a workable mitigation

strategy and an improved capac-

ity for adaptation.

in the Third World. Despite these differ-
ences, there is agreement among the de-
veloped and developing countries that an
international response to global climate
change is needed. The INC hopes to com-
plete a global climate change convention
in time for it to be signed at UNCED.

While there is an urgent need to in-
vestigate international strategies aimed
at mitigating the buildup of greenhouse
gases, it is also important that interna-
tional forums address the problem of ex-
isting climate variability. For even if the
world community agrees to strong con-
trols on the emissions of greenhouse

gases, these controls will not eliminate
such emissions nor will they remove CO2
and other greenhouse gases from the at-
mosphere; thus, while emissions controls
could greatly mitigate the potential im-
pact of global climate change, they prob-
ably will not prevent such change.
Furthermore, even if no threat of green-
house warming existed, climate variabil-
ity and extreme climatic events would
continue to complicate the sustainable
development of agriculture, water, and
other resources in developed countries
and, even more so, in developing coun-
tries. Better means of adapting to exist-
ing climate variability would have
important immediate benefits and might
also provide ways to ease adaptation to
global climate change in the future. Thus
adaptation and mitigation should be
viewed as complementary approaches. An
effective international response to global
climate change must involve components
of both a workable mitigation strategy
and an improved capacity for adaptation.

In discussing efforts to adapt to exist-
ing climate variability and how these ef-
forts relate to lessening the potential effect
of global climate change and improving
the prospects for sustainable develop-
ment, it is instructive to examine agri-
culture's options for improved adaptation
in drought-prone regions. Recently, a
panel of the National Academy of Sci-
ences concluded that global agriculture
may be able to adapt more quickly to
changing climate conditions than other
natural resource sectors such as water,
forests, and unmanaged ecosystems. Wa-
ter resources, for example, are even more
dependent than is agriculture on a large,
fixed infrastructure (dams, irrigation sys-
tems, and the like). Forest resources may
be slow to adapt due to the long time-
span between harvests and regrowth. And
unmanaged natural ecosystems—wet-
lands, forests, and tundras, for example—
may be the most vulnerable of all these
resources because of their inability to
adapt to rapidly changing conditions.
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Nevertheless, despite the higher poten-
tial for adaptation within the agricultural
sector, agriculture probably best illus-
trates the vulnerability of different soci-
eties to existing climate variability and
future climate change.

Climate and societal vulnerability

Understanding how climate, environment,
and society interact in a specific region is
key to improving the adaptive capacity
of the resources and people of that re-
gion. While rarely the only determinant
of social and economic conditions, cli-
mate is nevertheless an important factor
affecting everyday life in all nations—a
factor particularly apparent in the agri-
cultural sector. The relative role of cli-
mate in social and economic affairs varies
greatly across the globe, however. In
North America, individuals and economic
institutions effectively exploit the ben-
efits of climate while at the same time
mitigating to a large extent the severity
of climate-related hazards. A case in point
is the adaptation of farmers and agricul-
tural institutions to the semi-arid envi-
ronment of the North American Great
Plains. In drought- and famine-plagued
sub-Saharan Africa, however, climate (or
more specifically, climate variability)
more strongly influences social and eco-
nomic well-being, and its impacts are far
less well controlled by society.

Understanding the relationship be-
tween climate and society is not an easy
task. It would be misleading to simply
conclude that because of their success at
adapting, Great Plains farmers are not
vulnerable to the direct effects of cli-
mate. Nor would it be accurate to blame
Climate for famine in sub-Saharan Af-
rica. In any given society the impacts of
climate variability and change may be as
much, if not more, a product of social
and economic conditions than of the cli-
mate itself. A closer look at these two
Cases of how people in different regions
respond to drought is illustrative.

Over the past several decades sub-
Saharan Africa has been plagued by peri-
ods of severe and prolonged drought
conditions. For many of the countries in
this region, the prolonged period of
drought began only shortly after they
achieved independence, thus adding to

Like many climate-sensitive regions of the developing world, Brazil's semiarid northeast is
particularly vulnerable to drought because it is poor, mostly rural, and dependent on
agriculture.

the already difficult task of building po-
litical and economic institutions. The
drought-prone sub-Saharan region (often
referred to as the Sahel) extends from
Senegal, Mauritania, and The Gambia on
the Atlantic eastward through parts of
Mali, Burkina Faso, Niger, Nigeria, Chad,
and Sudan. Drought conditions were par-
ticularly severe from 1968 to 1973 and
again in the early 1980s. Drought cur-
rently exists in parts of Sudan and in
Ethiopia.

Droughts in sub-Saharan Africa have
been associated with widespread famine.
For example, it has been estimated that
during the drought in the Sahel in the
early 1970s there were 100,000 famine-
related deaths. While it is clear that fam-
ines have occurred during periods of
prolonged drought in sub-Saharan Af-
rica, it is less clear what specific role
drought has played in causing famine.
Droughts do not necessarily result in fam-
ines, and famines do not necessarily re-
sult from droughts. Other key factors that

have contributed to famine conditions in-
clude lack of availability of or access to
technology and information, domestic and
international economic policy, political
turmoil, and even war.

Many African societies are remark-
ably well adapted to arid conditions.
Drought, however, often exacerbates
other environmental stresses such as over-
grazing, and existing economic and po-
litical problems such as deficiencies in
the food distribution system or rural pov-
erty. Comprehending the role that drought
plays in causing famine requires an un-
derstanding of how drought interacts with
these other factors.

The Great Plains region of the United
States, like the Sahel region of Africa, is
prone to prolonged periods of severe
drought; however, the social effects of
these drought periods have been far less
devastating than those in the Sahel. The
"dust bowl" years of the 1930s represent
the most serious recorded deviation from
normal weather patterns in much of the
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Great Plains. For the decade as a whole,
temperatures averaged 1° C above nor-
mal in some states, and precipitation was
as much as 15 percent lower than nor-
mal. In certain years (1934 and 1936 par-
ticularly) conditions were much more
severe; average wheat yields in the Great
Plains states declined by a third, and
nearly 30 percent of the acreage planted
to wheat during the decade had to be
abandoned. The social effects of the
drought were also severe, with consider-
able loss of farm income and large-scale
migration of people out of the area. Be-
cause the drought occurred at a time of
national and world economic depression,
the economic distress experienced in the
region cannot be attributed solely to it.

Severe drought also hit the Great
Plains during the 1950s, in 1974-1976,
and again in 1987-1989; none of these
droughts equalled the dust bowl years in
terms of length, severity, or extent of
social disruptions. During these more re-
cent droughts, loss of crop yields was
significant; however, migration from the
region was minor, and there was little
evidence of social collapse, such as oc-
curred in the 1930s. The drought of the

late 1980s resembled the worst of the
dust bowl years in terms of severity and
geographical distribution. But in spite of
crop losses of 20 to 50 percent, the 1987-
1989 drought was not as economically
and socially disruptive as that of the
1930s. Large grain surpluses were avail-
able from relatively wet years preceding

The impacts of climate vari-

ability and change may be as

much, if not more, a product of

social and economic conditions

as of climate itself.

the drought, thus preventing food short-

ages. Government drought relief in the
form of services, technical assistance, and
insurance softened the blow to fanners.

This resilience—not so much to
drought per se as to its severe ramifica-
tions—has been accomplished through a

strong agricultural research establishment

that has led to improved crop varieties

Mitigating global climate change

M any scientists believe that unabated
growth of greenhouse gas emissions

might increase global mean temperature,
raise sea levels, and significantly alter
weather patterns over the next century.
While the effects of this growth are highly
uncertain, changes in temperature, sea lev-
els, and weather patterns might have large
and irreversible consequences for natural
systems—consequences that could threaten
economic and social well-being. These
could include reduced agricultural produc-
tivity, coastal flooding and storm surges,
and destruction of unique ecological envi-
ronments. Consequently, many believe
there is a need to mitigate the atmospheric
buildup of greenhouse gases.

An international convention on climate
change that, in broad terms, focuses on

such mitigation may be signed at UNCED.
The convention would be chiefly con-
cerned with limiting emissions of carbon
dioxide (CO2) that result from human ac-
tivities such as the burning of fossil fuels
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and deforestation. Some of the political and

economic issues that emerge in reducing these

emissions were discussed in the Spring 1991

issue of Resources and are highlighted below.

Individual countries have taken various po-

sitions on an international agreement to con-

trol CO2 emissions. These positions are

inextricably linked to concerns about economic

growth and technological capability and run

the gamut from commitment to stabilizing or

reducing CO2 emissions to unwillingness to

act. For the most part, member countries of the

Organization for Economic Cooperation and
Development (OECD) have expressed the view

that stabilization of and even some reduction

in CO2 emissions will not entail intolerable

economic costs compared with the benefits of
reducing the likelihood of climate change.
However, many of these countries have yet to
codify their CO2 mitigation goals. The United
States stands alone among the OECD coun-
tries in taking a more cautious position on
reducing greenhouse gas emissions. It does
not currently support specific CO2 stabilzation

and land management techniques. Of no
less importance have been market inter-
ventions that somewhat damped what
were once wild oscillations in commod-
ity prices and crop insurance, which pro-
vided protection for farm family income
in bad years. The existence of a strong
system of public education has also con-
tributed to the increased resilience to
drought in the region.

The model of drought adaptation used
in the Great Plains does not necessarily
represent the only or the best approach
for developing countries to follow today,
not least because these efforts have re-
quired large investments of resources that
only a rich nation could have made on its
own in the past and that cannot now be
made in most developing nations with-
out international assistance. It is also im-
portant to recognize that some of the
drought resilience that technology has
brought to the Great Plains has been at
the cost of environmental degradation—
groundwater pollution by nitrates and
pesticides, depletion or mining of ground-
water that might have been available for
emergency use, and the loss of fisheries
and wildlife habitat due to the damming

or reduction targets, although it does sup-
port establishment of an international con-
vention to devise a framework for dealing
with global warming. The former Soviet
Union and the countries of eastern Europe
have shown less enthusiasm for CO2 emis-
sions reductions than the OECD countries.
They are preoccupied with reforming their
political and economic systems and address-
ing pressing local environmental problems.
However, these countries have professed
serious concern about global warming. De-
veloping countries are perhaps the least
eager to support an international agreement
to curb CO2 emissions because they fear it
will have a negative impact on their eco-
nomic development efforts. They have nei-
ther the capacity nor the flexibility to
significantly mitigate these emissions. In
any case, the developing countries believe
that their contribution to global warming is
being overstated and that the developed
countries created the problem and should
assume responsibility for mitigating it. III



of rivers. This raises important questions
about the long-term sustainability of cur-
rent agricultural practices that have al-
lowed farmers to adapt to climatic
variability. New technologies and tech-
niques are needed to repair environmen-
tal damage already done by some of these
practices in the Great Plains and in other
agricultural regions of the United States.
The environmental consequences of fu-
ture drought-resistance efforts in the ag-
ricultural sector will have to be reckoned
in advance and new environmentally be-
nign technologies and techniques will be
needed to further those efforts.

Climate change and sustainable
development

While dealing with the problems of cur-
rent climate variability is a difficult task
for both developed and developing coun-
tries, dealing with the problem of global
climate change, with its attendant uncer-
tainty and potential for significantly al-
tering regional weather patterns, may be
an even more daunting task. Improving
the ability of nations to deal with current
climate variability, however, will likely
expand the range of options available for
responding to potential global climate
change.

Again, drought and its effect on agri-
culture offer an example of how global
climate change could alter prospects for

Much of what has already

been learned about coping with

the agricultural effects of drought
Will be relevant for responding to

future climate change.

sustainable development. Little is known
about where, when, and to what extent
drought intensity and duration would
change as the result of greenhouse warm-
ing. Yet much of what has already been
learned about coping with the agricul-
tural effects of drought in both devel-
oped and developing countries will be
relevant for responding to future climate
change—for example, the breeding of

new crop varieties that are more resis-
tant to heat and drought and the intro-
duction of land-management practices
that allow more rain to be retained in the
soil. In addition, it may be possible to
domesticate new crops. The world's
people are now nourished essentially by
fewer than thirty species of grain and
root or tuber crops. Species that could
be domesticated to provide human or
animal food number in the hundreds, if
not thousands. Many among these might
prove more adaptable to drought than
current crops. It is also possible that
many existing plants contain germplasm
that could impart greater drought resis-
tance to current food species through
existing plant-breeding techniques or
through biotechnology. This argues for
the importance of preserving existing
biodiversity.

Because scientists cannot predict the
future climate of regions in a greenhouse-
warmed world, any discussion of pos-
sible adaptations to climate change must
be labeled as speculation at best. How-
ever, there is confidence about two mat-
ters regarding climate change and the
adaptation of agriculture. First, it is clear
that a strong research establishment will
be essential to maintaining a steady stream
of adaptations. Second, it is clear that the
rate of response and adaptation will in-
crease if farmers and their governments
perceive that climate is actually chang-
ing, or if scientific evidence of forthcom-
ing change becomes incontrovertible.
This perception or evidence is likely to
affect response and adaptation to climate
change in other resource sectors, such as
water or forestry, as well.

The relatively optimistic view pre-
sented here of the developed world's cur-
rent and future agricultural capability to
cope with climate change is based on an
implicit assumption that the resources
available to agricultural research estab-
lishments in the developed world will be
adequate to the task and that new tools,
such as biotechnology, may make rapid
adaptation easier in the future. This may
not be true in the developing world, where
the margin of survival is much smaller
and where the impacts of existing cli-
mate variability are often not well man-
aged. Although there is no reason to
believe that the extent of greenhouse-

induced climate change will be more
severe in developing countries than in
developed countries, the developing
countries are likely to be more vulner-
able to such change because of their more
limited ability to respond to uncertain
conditions.

Many climate-sensitive regions of the
developing world are clearly beseiged by
problems of underdevelopment, poverty,
and environmental degradation. Brazil's
semiarid northeast is a case in point. Much

Developing countries' poten-

tial vulnerability to climate

change suggests the need for

both mitigating the emission

of greenhouse gases and

improving the prospects for

achieving sustainable economic

development.

of this area is densely populated, agricul-
turally marginal, and prone to severe and
prolonged periods of drought. The area
is particularly vulnerable to the effects of
drought because it is impoverished,
mostly rural, and highly dependent on
agriculture. The impacts of drought—
unemployment, declining income, fall-
ing agricultural production, and rising
food prices—on the area's rural popula-
tion often reinforce one another. Many
rural workers and their families are thus
forced to migrate to large cities in search
of employment, contributing to Brazil's
rising urban poverty. Recently, these
workers have been moving into the Ama-
zon region as well, increasing pressures
for deforestation.

Adding to the area's problems is the
prospect of its vulnerability to the affects
of a greenhouse gas-induced climate
change. On the basis of climate-change
scenarios drawn from general circulation
models, the Intergovernmental Panel on
Climate Change (an international board
of scientific and policy experts) has iden-
tified two broad sets of regions that ap-
pear most vunerable to climate change.
Northeastern Brazil is among the set of
semiarid tropical and subtropical regions
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so identified. While the uncertainty sur-

rounding predictions of regional vulner-
ability to climate change remains great, it

is likely that global climate change will

exacerbate this area's climate problems,
with major implications for sustainable
resource development.

The plight of developing countries and
their potential vulnerability to climate
change argues strongly not only for push-
ing forward with international efforts to
mitigate the emission of greenhouse gases
but also for addressing the need for im-
proving the prospects for achieving sus-

tainable economic development. With
respect to many of the world's develop-
ing regions, it seems clear that the cli-
mate change issue cannot be separated
from the more immediate problems of
development. Indeed, improvement of
strategies for dealing with current cli-
mate variability is of interest to both de-
veloped and developing countries. The
United Nations Conference on Environ-

ment and Development could offer a valu-

able forum for devising cooperative
efforts among countries to improve strat-

egies for coping with existing climate

variability. Such efforts would greatly

enhance the prospects for sustainable use

of natural resources in both the devel-

oped and developing worlds, and thus

improve prospects for both mitigating

and adapting to climate change in the

future. •

Peter M. Morrisette is a fellow in the En-

ergy and Natural Resources Division at

RFF. Norman J. Rosenberg is a senior

fellow in the division and director of RFF' s

Climate Resources Program.

Managing water for economic, environmental,
and human health

Large-scale water projects have been
widely promoted and subsidized as cata-
lysts for economic growth during the
twentieth century. Both the economic and
environmental costs of developing and
diverting additional water supplies for
agricultural, industrial, and municipal
use have risen markedly in recent de-
cades. This reality and the increasing
competition for the economic, environ-
mental, and human health services pro-
vided by water suggest that more efficient
and sustainable management of existing
water supplies is needed. This manage-
ment must take into account the limits of
and ecological processes underlying
natural water systems as well as the in-
digenous knowledge, resources, and sup-
ply and demand conditions of individual
localities.

T
he capacity to control water
supplies for human purposes

has increased markedly dur-
ing the twentieth century. But

as water development has expanded, the

opportunities for adding to water sup-

plies have declined, the economic and

environmental costs of new supplies have

risen sharply, and the threats to supplies

from pollution and groundwater deple-

tion have mounted. Demand for water

has continued to grow with increases in

population and incomes. Despite this ris-

ing demand and the increasing scarcity

of supplies, fresh water is commonly

treated as a free resource.
Some of the environmental and devel-

opment goals of the United Nations Con-

ference on Environment and Development

will not be achieved without adequate in-

centives to conserve water and to protect

the aquatic ecosystems on which future

supplies depend. In the developed coun-

tries, where high-quality water is taken for

granted, the challenge is to manage and

use the resource efficiently and sustainably.

Developing countries face the additional

task of providing all of their people with

the minimum supplies of high-quality

water that are essential to good health and

important to economic development. This

task is formidable-31 percent of the

people in the developing world lack ac-

cess to safe drinking water, and 44 percent

lack sanitation facilities. Moreover, in de-

veloping countries waterborne diseases and

illnesses are responsible for diminished

economic prospects as well as high mor-

tality and morbidity rates.

Kenneth D. Frederick

Water and economic development

Technological and scientific advances in

earth moving, dam construction, pump-
ing, and hydrology have greatly increased

the capacity to control the flow of sur-

face waters and to utilize groundwater,

which is less susceptible to the vagaries
of climate. Although the total quantity of

water in the global hydrologic system
has not been altered, the location and

quality of the resource, as well as the

timing of its use, have changed in both

developed and developing countries.
Water projects have been viewed as

catalysts for broadening economic

growth. In the United States, subsidized
irrigation projects encouraged the settle-
ment and development of the West. When

the U.S. economy sank into a deep de-
pression during the 1930s, water projects
were an important part of the strategy for
increasing employment and stimulating

overall economic recovery. While the

United States has developed the world's

most extensive system of water projects,
efforts to control and divert water for
human uses have occurred worldwide.

Some of the largest water projects, such
as the Aswan Dam on the Nile River, are

in the developing countries.
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Large-scale water projects have be-
come the accepted strategy for solving
most water problems. The distinguished
geographer Gilbert F. White has observed
that for several decades ending in the
1960s large multipurpose dams were
widely viewed as symbols of farseeing,
humane management of natural resources.
The rapid growth of such projects re-
flects this view. The number of reser-
voirs with a minimum storage capacity
of 100 million cubic meters began to
grow rapidly during the first half of this
century in North America, and after 1950
in the world as a whole. From 1950 to
1985, the number of such reservoirs in-
creased threefold and their storage ca-
pacity increased ninefold worldwide.
Water diversions also rose sharply. Sci-
entists in the former USSR have esti-
mated that global withdrawals increased
nearly fivefold between 1900 and 1980,
with three-fourths of this increase occur-
ring just within the last three decades.

While drinking is the most critical use
of water for sustaining life, by far the
largest use is irrigation, which accounts
for about 70 percent of all water with-
drawals. Agriculture is particularly sen-
sitive to the availability of water. Reliable

Rising water costs and

high government debt burdens

make it unlikely that new

irrigation projects will receive the

generous subsidies that have

fostered the worldwide growth of

irrigation to date.

supplies are essential to the introduction
of high-yield farming. Irrigation, which
makes farming less susceptible to vari-
ability of precipitation, encourages yield-
increasing investments and expands the
area capable of supporting productive
agriculture. Worldwide, the area of land
irrigated increased from about 48 million
hectares at the start of the twentieth cen-
tury to 94 million hectares in 1950, and
to 250 million hectares currently.

Generous subsidies, and institutions that
ignore some of the costs associated with

agricultural water use, have fostered the
growth of irrigation throughout the world.
However, rising water costs, high govern-
ment debt burdens, increasing competi-
tion for scarce water supplies, and growing
awareness of environmental problems
make it less likely that new irrigation
projects will benefit from such govern-
ment largess and myopia. Moreover, high
and rising salinity levels in water, depen-
dence on nonrenewable groundwater
stocks, and pressures to reallocate water
from agriculture to other uses are forcing
some previously irrigated lands out of pro-
duction. In most areas of the world, fur-
ther expansion of irrigation will depend
largely on improved management of ex-
isting water supplies rather than on the
development of additional supplies.

All irrigation water contains salts that
are left behind when water is transpired
by plants and evaporated from fields. If
allowed to accumulate in the soil, the
salts retard and eventually kill the plants.
Sustainable irrigation requires applica-
tion of enough water to leach the salts
out of the root zone and then removal of
the drainage water from beneath the field.
Poor drainage leads to waterlogging,
which also destroys the productivity of
the land. Salinity has resulted in the aban-
donment of irrigation on millions of hec-
tares of land and reduced yields on
millions more. For instance, in the Aral
Sea basin of the former Soviet Union,
waterlogging had forced about 1 million
hectares out of production by the mid-
1980s, and high salt levels reduced crop
yields on about 60 percent of the 7.6
million hectares irrigated in the basin.

In parts of the United States, India,
and China, and in many other areas, cur-
rent water use depends on nonrenewable
supplies. Although the extent of ground-
water supplies worldwide is unknown,
groundwater use exceeds recharge on
about 4 million hectares in the United
States-20 percent of the total area irri-
gated in the United States. Depletion of
the Ogallala aquifer already has contrib-
uted to the termination of irrigation on
about 1 million hectares in the U.S. High
Plains.

As water becomes increasingly scarce,
pressures will mount to develop addi-
tional supplies and to transfer water from
agriculture to other uses. Transfers are

already occurring in the western United
States, and the high costs of new supplies
will make water marketing increasingly
attractive in other places. Rising water
costs are inevitable for three reasons.
First, because the best sites are devel-
oped first, subsequent additions to a
basin's water storage capacity are increas-
ingly expensive. Second, storage in-
creases a river basin's safe yield only at a
diminishing rate. And at some point
evaporation losses can more than offset
any gains in safe yield associated with
additional surface storage. Finally, the
social costs of storing and diverting wa-
ter for offstream use rise as streamflows
are depleted.

Water development and the
environment

Water projects and water use alter the
natural environment. The environmental
impacts can be good and bad. For ex-
ample, a reservoir creates a new environ-
ment that favors some organisms at the
expense of others and replaces the es-
thetic and recreational benefits of a free-
flowing stream with those of a lake. As

Among other reasons,

increasing competition for water

will make expansion of irrigation

largely dependent on improved

management of existing water

supplies rather than on develop-

ment of additional supplies.

water use intensifies, however, the net
effects are likely to be negative, particu-
larly when water development and use
proceed without adequate regard for eco-
logical processes and for the environ-
mental values provided by natural water
systems.

These processes and values often are
overlooked in plans designed to use wa-
ter as a catalyst for economic develop-
ment. Planners and managers routinely
emphasize the positive and ignore or un-
derstate the negative impacts of water
projects. For instance, reduced flooding
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and more reliable supplies for offstream

use might be viewed as unmitigated ben-

efits of dams and reservoirs, while any

adverse impacts on the ecology of down-

stream areas dependent on annual flood-

ing and silt deposition are ignored.

Likewise, the negative impacts on aquatic

ecosystems of withdrawing water from

and returning contaminated effluents to

streams or lakes are often excessively

discounted.
The U.S. experience up to the passage

of the Clean Water Act in 1972 illus-

trates how a strong development bias

combined with policies that foster an il-

lusion of unlimited supplies of inexpen-

sive fresh water can erode the productive,

recreational, and esthetic values of a

nation's water resources. In the fifteen

years following passage of the act, the

nation has spent more than $100 billion

to limit and treat industrial and munici-

pal wastes discharged into lakes and

streams. Although the act's goal of re-

storing all navigable water to fishable

and swimmable condition has not been

reached, the overall quality of these wa-

ters has improved markedly since the

early 1970s. Changes in public attitudes

and policies prompted by environmental

concerns have altered water use and de-

velopment patterns significantly. Water

project construction peaked in the late

1960s, per capita water withdrawals

peaked in 1975, and total withdrawals

peaked in 1980.
Despite the overall improvement in

water quality, many lakes and streams

remain too polluted to fully support their

designated uses. Nonpoint pollutants such

as runoff from farms, urban areas, and

construction sites are now the primary

sources of pollutants reaching the nation's

waters. The United States has not devel-

oped an effective strategy for curbing

these pollutants. Moreover, investments

to control municipal and industrial pol-

lutants are yielding diminishing returns.

Large-scale water projects have played

a prominent role in development efforts

throughout the developing world in re-

cent decades. Unfortunately, disappoint-

ing economic benefits and unanticipated

environmental costs have characterized

many of these projects. Thayer Scudder,
an anthropologist with the California In-

stitute of Technology, has documented
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how the hydroelectric potential of the
river basins in tropical Africa has been
developed largely for the benefit of the
cities at the expense of the ecology and
most of the rural people. Even when irri-
gation has been included as an important
project objective, the resulting agricul-
tural benefits often fail to compensate for
the negative impacts on the productivity
of riverine habitats that previously sup-
ported millions of people.

Drinking water and human health

The differences between the developed
and developing countries are many, but
few have more impact on human welfare

nadequate drinking water

supplies and sanitation facilities

can have devastating impacts on

mortality and morbidity and can

seriously impede economic

development.

than the access of people to safe drinking
water and adequate sanitation. Most resi-
dents of the industrialized world take for
granted that virtually unlimited supplies
of high-quality water can be available at

the turn of a tap and that human and
household wastes are removed quickly
from their homes and neighborhoods. In
contrast, more than 1.2 billion people in
the developing world do not have access
to safe drinking water supplies, and 1.7
billion do not have decent sanitation (see
table, p. 24).

Inadequate drinking water supplies and
sanitation facilities can have devastating
impacts on mortality, morbidity, and the
economy. Water-related diseases and ill-
nesses are responsible for the deaths of
most of the 5 million children under five
who die annually in Africa. Guinea worm
and schistosomiasis, parasitic diseases

propagated by poor sanitation and unsafe
water supplies, are often painful and de-
bilitating. Guinea worm reportedly af-
flicts about 20 million people in
sub-Saharan Africa, India, and Pakistan.
The schistosome parasite is believed to
infect more than 200 million people, 20
million of whom suffer from chronic
schistosomiasis. Poor sanitation and
drinking water are largely responsible for
the deadly cholera epidemic currently
spreading through several countries in
Latin America and Africa.

Economic prospects are seriously im-

peded by poor health conditions as well

as by the countless hours that people in

developing areas must spend carrying
water. In western Nigeria, for instance,
farmers afflicted with Guinea worm typi-

Water and sanitation services in the developing world (millions of people)

Urban population

Water

Sanitation

Rural population

Water

Sanitation

Total population

Water

Sanitation

Served

1980 1990

Not served Served Not served

720 213 1,088 244

641 292 955 377

690 1,613 1,670 989

861 1,442 1,295 1,364

1,411 1,825 2,758 1,232

1,502 1,734 2,250 1,740

Source: Adapted from Daniel A. Okun, "Meeting the Need for Water and Sanitation for
Urban Populations," The Abel Wolman Distinguished Lecture, National Research Council,
May 1991.



cally loose 100 work days a year. And in
Villages lacking water supplies, families
may spend many hours each day carry-
ing the minimum quantities of water for
drinking and domestic uses from distant
and often contaminated sources.

The lack of basic water and sanitation
facilities in the developing countries and
their importance to human welfare and
sustained development prompted the
United Nations to designate the 1980s as
the International Drinking Water Supply
and Sanitation Decade. During that de-
cade, global efforts extended water ser-
vice to an additional 1.3 billion people
and sanitation service to another 748 mil-
lion in the developing world. While im-
pressive, these results fall well short of
the U.N. goal of providing clean drink-
ing water and sanitation for all by 1990.
Sanitation facilities failed even to keep

Among analysts, there is a

growing belief that more efficient

water management practices and

sounder funding arrangements

are required to provide water

and sanitation services in the

developing world.

Pace with population growth, as the num-
ber of people lacking these services in-
creased by 6 million during the decade.
And the provision of both water and sani-
tation facilities lagged behind the explo-
sive growth of urban areas, where another
31 million were without adequate water
supplies and 85 million were without sani-
tation (see table, p. 24).

The largest shortfalls were in Africa,
Where population growth in excess of 3
Percent annually and an 80 percent in-

in urban population during the "wa-
ter decade" overwhelmed capacity to
Provide water and sanitation services. The
number of people without safe water rose
by 20 million and those with inadequate
sanitation increased by 30 million. In May
1990, delegates from 46 African nations
met in Ivory Coast to develop a strategy to
reverse this trend. The delegates recom-
Mended that future investments in water

and sanitation be based on effective de-
mand and recovered through user fees—a
surprising outcome in view of the extreme
poverty that characterizes their countries.
Moreover, they supported privatization of
these services as a means of promoting
greater efficiency. These recommenda-
tions run counter to the tradition of pro-
viding highly subsidized water through
government agencies. But they reflect a
growing belief among analysts that more
efficient water management practices and
sounder funding arrangements are re-
quired to provide water and sanitation
services to the developing world's rap-
idly growing population.

Improving water management

The demands for water and the services
it provides will continue to grow. In the
developing areas of the world, popula-
tion growth and economic development
efforts suggest that domestic, industrial,
and agricultural water demands will grow
rapidly. In the developed countries, de-
mands for the environmental services pro-
vided by clean streams and lakes may
grow more rapidly than the demand for
withdrawal uses. In most areas, allocat-
ing water for one use—whether it is for
irrigating crops or preserving instream
flows—will involve tradeoffs. There is
no free water. Moreover, the costs of
meeting new water demands are gener-
ally high relative to the prices people are
accustomed to paying for water use. And
these costs will rise as the demand for
water increases.

Efficient and sustainable water devel-
opment and use must take into account
the limits of and the ecological processes
underlying natural water systems. The
traditional structural response to increas-
ing water demands has often ignored these
limits and processes, resulting in some
unfortunate environmental and human
consequences. Greater emphasis should
be given to improving the management
of the existing supplies and infrastruc-
ture and to allocating scarce supplies ef-
fectively among competing uses.
Two factors are fundamental to im-

proved water management. First, because
all the water resources within a basin—
precipitation, runoff, water in lakes and
streams, and groundwater—are interre-

lated, evaluation of a water project or
water use should take into consideration
potential impacts on the entire hydro-
logic system and on the ecological sys-
tem of which it is an integral part.
Basinwide management is particularly
difficult to achieve when rivers and aqui-
fers cross international borders, as they
commonly do. Yet it is in such situations
that improved management may be
needed most to avoid dangerous con-
flicts over scarce water supplies. Sec-
ond, local people must be integrated

Consideration of the poten-

tial impacts of water use on

ecological systems, and integra-

tion of indigenous knowledge,

resources, and demands into

water projects are fundamental to

improved water management.

effectively into the planning, manage-
ment, and maintenance processes. The
failure to take adequate account of indig-
enous knowledge, resources, and demands
underlie many of the inefficiencies and
adverse environmental impacts that have
plagued water projects.

Solutions to water problems can no
longer ignore the need to limit use and to
reallocate supplies over time in response
to changing supply and demand condi-
tions. The underpricing of water for uses
such as irrigation or waste disposal re-
duces the quantity and quality of water
available for other uses. It also dissipates
an opportunity to provide funding for
maintaining and building supply facili-
ties. Similarly, locking water into par-
ticular uses regardless of the underlying
supply and demand conditions becomes
increasingly costly over time. Water mar-
kets and efficient pricing policies deserve
a more prominent role in future water
planning and management than they have
been accorded in the past. •

Kenneth D. Frederick is a senior fellow
in the Energy and Natural Resources Di-
vision at RFF.
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Preserving biodiversity as a resource

Wild plants and animals can provide
natural chemicals and compounds for
producing drugs and other products, in-
formation and ideas for developing syn-
thetic chemicals and compounds, and
genes for engineering plants and ani-
mals with desirable sets of traits. Despite
their value, wild species are threatened
by destruction of natural habitats. Be-
cause there are no property rights to
wild species or the genetic resources em-
bodied in them, habitat protection tends
to be undervalued, particularly in devel-
oping countries. However, contractual
arrangements that allow these countries
to trade the right to collection of their
wild genetic resources in return for com-
pensation could foster habitat protection
in the absence of such property rights.

T
he rationale for the preserva-
tion of the world's biodiversity
runs from the highly spiritual
to the pragmatic. On the spiri-

tual side is the growing feeling among
some groups that wholesale disturbances
of natural systems are somehow unethi-
cal or immoral. On the pragmatic side, it
is well recognized that the genetic con-
stituents of plants and animals have sub-
stantial social and economic value from
which all members of the global commu-
nity may potentially benefit. Genetic in-
formation provides direct and indirect
inputs for plant breeding programs, de-
velopment of natural products (including
pharmaceuticals and drugs), and increas-
ingly sophisticated applications of bio-
technology. The substantial increase in
world agricultural output since the early
1970s has been due primarily to the abil-
ity of plant breeders to develop high-
yielding varieties of the various food and
feed grains by utilizing genes drawn from
often overlooked plant species. More re-
cently, recognition of the potential of wild
genetic resources in development of drugs
has led the National Cancer Institute to
initiate a massive plant collection project
that seeks to identify plants with chemi-

cal constituents effective against a vari-
ety of cancers. In recent years a number
of widely used drugs have been devel-
oped from plants, including two impor-
tant anti-cancer drugs derived from the
now well-known rosy periwinkle found
in tropical Madagascar.

Making use of wild species

The benefits of using wild plants (or ani-
mals) as a resource may be obtained in
three general ways. First, a species—or
its phenotype, the individual plant or ani-
mal—can be consumed directly or it can
be a direct source of natural chemicals
and compounds used in the production of
"natural" drugs and other natural prod-
ucts. Second, a species' natural chemi-
cals can provide information and ideas—a
blueprint—indicating unique ways to de-
velop useful synthetic chemicals and com-
pounds. For example, aspirin, an early
synthesized drug, is a modification of the
natural chemical salicylic acid (found in
plants), which is too strong to be taken
orally. And third, a wild species can be
the source of a gene or set of genes with
desired genetic traits that can be utilized
in breeding or in newly developed bio-
technological techniques. For example,
germplasm from wild species is used to
maintain the vitality of many important
food crops. The latter two utilizations are
essentially nonconsumptive, employing
the genotype—the characteristics em-
bodied in the genetic constituents of
plant and animal species—as a source of
information.

One recently publicized example of a
useful natural chemical is taxol—a prom-
ising anti-cancer compound occurring
naturally in the Pacific yew tree found in
western North America. In 1985 taxol
was found to shrink tumors in many ovar-
ian cancer patients. In addition, its unique
anti-tumor properties have been demon-
strated in about 50 percent of advanced
breast cancer patients treated with the
drug. In two recent studies taxol has

Roger A. Sedjo

proved successful in treating tumors that
had not responded to conventional treat-
ments such as chemotherapy. It is the
first and, to date, only member of a new
class of anti-tumor compounds whose
unique mechanism of action is distinct
from the action of any currently used
cytotoxic agent.

The current process for extracting
taxol—peeling the bark of the yew—
destroys the trees involved. It is antici-
pated that naturally occurring yews will
provide most of the taxol through the
mid-1990s, after which other sources will
gradually be developed. These could in-
clude the conversion of compounds simi-
lar to taxol into taxol, the generation of
taxol from plant tissue cultures, and bio-
synthesis. Synthetic production of taxol
may also be possible, although this could
be difficult due to the complexity of the
compound.

With recent breakthroughs in biotech-
nology, the potential for development of
useful products from wild plant and ani-
mal species would appear to be limitless.
Species that have no current commercial
application, contain no useful natural
chemicals, or are as yet undiscovered,
nevertheless may have substantial value
as repositories of genetic information that
may someday be discovered and ex-
ploited. The ability of modern biotech-
nology to transfer genes to unrelated
natural organisms opens the possibility
for the development of a wide variety of
engineered plants and animals with hith-
erto unattainable sets of traits. As bio-
technology develops, the scope for
utilization of genetic information embod-
ied in wild plants and animals will al-
most surely increase. Moreover, the
ability to utilize the information from
different organisms is likely to increase
as genetic engineering expertise grows.
The benefits of sustaining a rich and di-
verse biosystem are likely to be large
since technology and natural genetic in-
formation may well complement each
other in economic activity.
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Loss of genetic resources

Despite the acknowledged social value
of sustaining wild plants and animals,
destruction of natural habitats in which
they are found is widespread, posing a
serious threat to genetic resources. Spe-
cies with potentially useful characteris-
tics for biotechnological innovations may
be lost through tropical deforestation, for
example. It has been estimated that 70
Percent of the 3,000 plant species known
to have anti-cancer properties are found
in tropical forests. Considerable criticism
has been directed at Third World coun-
tries with large areas of tropical forest for
not protecting and properly appreciating
the values of their native forests, particu-
larly the values of biological diversity.

If preservation were without cost, then
all genetic resources would be preserved.
However, as the pressures on natural habi-
tats rise due to alternative uses for the
land, such as cropping or grazing, the
costs of protection and preservation also
rise. In earlier periods of human exist-
ence preservation of genetic resources
was essentially costless. Recently, in situ
and ex situ approaches have been used to
protect the acknowledged values of ge-
netic resources. The in situ approach in-
volves protection of species in their
natural habitats, whereas the ex situ ap-
proach involves protecting plants and ani-
mals in permanent collections such as
ZOOS and botanical gardens, and preserv-
ing seeds and other genetic material in
controlled environments such as
germplasm banks. Although the ex situ
approach has the advantage of lower
costs, it is feasible for only a small frac-
tion of species. This approach obviously
cannot be used for species as yet un-
known. Furthermore, the ex situ approach
Preserves selected species, not ecosys-
tems, and thus risks the longer-term loss
of species that are reliant upon the sym-
biotic relationships within ecosystems.

Although the destruction of a unique
genetic resource base can occur from the
Consumptive use of a particular plant or
animal itself, in practice a much more
ominous threat comes from the process
of land-use change. Land-use changes
that destroy existing habitat and indi-
vidual phenotypes can inadvertently drive
to extinction potentially valuable geno-

types, many as yet undiscovered, that are
endemic to certain ecological niches.

Sustaining and preserving wild
genetic resources

One way to view conceptually the prob-
lem of sustaining wild genetic resources
is to think of these resources as a lottery
containing a vast number of genetic "tick-
ets," each with a different potential pay-
off. The timing and size of their economic
returns vary greatly. Some of these tick-
ets are currently generating payoffs. Oth-
ers could or might generate future payoffs
if the habitat is preserved long enough to
allow their discovery and development.
Still others would have to await further
biotechnological developments before

It is difficult for the national
state to capture returns to genetic

resources because international

law recognizes no property rights

to these resources.

their potential returns could be realized.
Although most of the lottery tickets will
ultimately provide no payoff in terms of
new chemicals, compounds, or transfer-
able genes, a few will eventually result in
substantial payoffs—jackpots—in the
sense that these genetic resources will
eventually generate large social benefits.
However, it is difficult to differentiate in
advance between those with significant
potential future value and those with none.

Today, no ownership of the genetic lot-
tery tickets exists. Individuals and coun-
tries, having no unique claim to the returns
of the genetic information embodied in the
wild plants or animals on the land they are
developing, will tend to ignore the poten-
tial economic value of the existing habitat.
The destruction of genetic resources thus
becomes an unintended consequence, an
external effect, of land-use changes that
destroy natural habitats.

Although the costs of investing in habi-
tat protection and preservation can be-
come substantial, the industrial world has
argued that such investment is needed

because wild genetic resources are glo-
bal resources from which the develop-
ment of better lines of food grains, new
medicinal products, and other advances
generate global benefits that accrue to
inhabitants of all countries. Nevertheless,
a landowner—public or private—whose
land provides the habitat for a unique
genetic resource has no unique claim to
its benefits.

The paradox is not hard to compre-
hend. Most public goods lend themselves
readily to investments by the national
state. The state perceives itself as readily
capturing the returns to goods such as
defense and lighthouses. However, it is
much more difficult for the state to cap-
ture the returns to a global public good
such as genetic resources. There are two
reasons for this. First, international law
does not recognize property rights to wild
species or wild genetic resource geno-
types, and hence any rents associated with
valuable natural genetic resources typi-
cally cannot be captured simply through
domestic management of the resource,
even by a national authority. Second, the
tradition that natural genetic resources
are the common heritage of mankind and
thus should be available without restric-
tion provides an obstacle to the introduc-
tion of barriers to the unrestricted flow of
wild genetic resources out of a country.

Protecting public goods

One result of the lack of private or na-
tional property rights to wild genetic re-
sources is that, to date, most efforts to
preserve and protect these resources have
been altruistic. Most proposals for pro-
tecting them have involved actions by
governments and the international com-
munity to preserve habitat. The usual ap-
proach is for environmental groups and
the governments of industrial countries
to try to persuade governments of devel-
oping countries to protect habitats rich in
biodiversity, such as tropical rain forests.
Some progress is being made—for ex-
ample, in maintaining plant genetic
resources used for breeding food and
feed crops. An international system of
germplasm preservation, commonly
called seed banks or germplasm collec-
tions, has been developed. The collec-
tions are in both public and private
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Progress in preserving the genetic resource base is being made as individual countries

protect unique lands and habitats such as coral reefs.

ownership, with the private collections

often being held by plant breeders who

capture returns through the development

of improved stocks to which some forms

of exclusive rights exist. However, the

system of collections is much less well

developed for genetic resources that might

have potential for.drugs and pharmaceu-

ticals than is the system for plant genetic

resources used in crop breeding. In either

case, collections can preserve only a small

fraction of the total genetic resource base.
Progress in preserving this base is be-

ing made as individual countries, often

in concert with international organiza-

tions, protect unique lands and habitats,

including tropical forests, wetlands, and

coral reefs. The world total of protected

land doubled between 1970 and 1980

and increased another 50 percent in the

first half of the 1980s. By the mid-1980s

there were more than 400 million hec-

tares of protected land (1 billion acres or

7 percent of land worldwide, excluding

Antarctica), up from about 100 million

hectares in 1960.
Altruism has motivated greater pro-

tection of unique lands and habitats in

developed countries than in developing

countries, many of which have been in-

different to seriously protecting habitat

preserves and have pursued protection

haphazardly at best. This situation is be-

ginning to change as the "common prop-

erty" difficulty is recognized and various

attempts are made to address it. For ex-

ample, the Keystone International Dia-

logue Series on Plant Genetic Resources

(talks among a high-level group of sci-

entists and researchers from around the

world) has identified as a "gap" the fail-

ure to develop an institutional frame-

work for dealing with issues of plant

genetic resource conservation related to

Altruism has motivated

greater protection of unique

habitats in developed countries

than in developing ones, which

have pursued such protection

haphazardly at best.

ownership and intellectual property right

(IPR) systems for plant genetic re-

sources. In a June 1991 workshop on

property rights, biotechnology, and ge-

netic resources, held in Nairobi as part

of the preparation for the United Na-

tions Conference on Environment and

Development (UNCED), the participants

reached consensus on two key points.

First, it was found that, as presently prac-

ticed, the treatment of biodiversity and

genetic resources as a common heritage

of humankind may have the unintended
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e effect of ultimately undermining steps

to conserve the resource. Second, it was

agreed that any international negotia-

tion on intellectual property rights should

ensure that countries are free to decide

whether or not to adopt IPR protection

for genetic resources. Given this degree

of interest, it is virtually certain that

property rights for plant genetic re-

sources will be an important item on the

UNCED agenda.

A Coasian solution

Perhaps the most exciting development

in the search for vehicles to facilitate

protection of genetic resources and to

ensure that some portion of the benefits

accrue to developing countries is changes

in legal arrangements, driven in part by

market forces. It was first recognized by

Ronald Coase, the most recent Nobel lau-

reate in economics, that external social

benefits can often be "internalized" or

captured through the simple legal instru-

ment of the contract if transaction costs

are small. In the last few years, contrac-
tual arrangements have begun to appear

that allow developing countries to cap-

ture some of the rewards associated with

the development of commercial drugs and

other products that utilize genetic con-

stituents of wild genetic resources found
in their countries. These contractual ar-
rangements require no new property

rights. Rather, they utilize the ordinary

legal instrument of a contract to, in ef-
fect, trade the right to collection in return
for a guarantee of some portion of the

revenues generated by the commercial

development of a product that utilizes a
genetic constituent from a unique wild

genetic resource collected within the

country. The judicious use of contract

arrangements can allow for the capture
of at least some benefits without de jure
property rights to the individual natural

genetic resources.
Organizations are also modifying their

practices to allow them to enter into con-

tractual arrangements with tropical coun-
tries to transfer the development rights to

unique wild genetic resources to institutes
in developed countries. For example, the

National Cancer Institute in the United

States is developing transfer agreements
with tropical countries that have provi-
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sions for compensation, or revenue shar-
ing, or both.

In addition, private collector firms are
beginning to enter into contractual arrange-
ments with tropical countries to offer roy-
alties from revenues generated by future
product developments in exchange for col-
lection rights to wild plants. The most ad-
vanced activity of this type is occurring in
Costa Rica, which recently created the
National Biodiversity Institute to identify
all of the wild plant species in the country,
undertake preliminary screening of the vari-
ous natural plants, and make agreements
With pharmaceutical companies for fur-
ther utilization of promising plants and
natural chemicals. In 1991 the institute
Signed an agreement with the Merck phar-

maceutical firm, whereby Merck will pro-
vide $1 million over the next two years to
help the institute build its plant collection
operations. In return, Merck will acquire
exclusive rights to screen the collection
for useful plant chemicals and extracts.
Indonesia is currently investigating the
possibility of establishing a similar sys-
tem that would allow for the capture of
some portion of product benefits derived
from its biological resources.

Whatever emerges from UNCED, those
concerned with biodiversity will confront
an extremely complex and rapidly evolv-
ing resource issue. In addition to the tradi-
tional approaches to protecting areas where
biodiversity is high, innovative approaches
are evolving that give promise of provid-

ing financial incentives for protecting
habitat where biodiversity can be pre-
served and for returning some of the pro-
ceeds of the successful development of a
natural-based product to the country that
provided the genetic constituents. The
challenge for UNCED will be to serve as
a catalyst for facilitating further devel-
opment of these innovations, while be-
ing careful not to advance procedures
and controls that inhibit, rather than pro-
mote, such constructive processes. •

Roger A. Sedjo is a senior fellow in the
Energy and Natural Resources Division
at RFF.

Energy transitions

In the twenty years since the last United
Nations conference on the environment,
countries have had to reappraise old pre-
mises about energy economics and tech-
nologies and to face new realities about
the social costs of energy production and
consumption. But in many instances, the
importance of letting free markets medi-
ate energy transactions and the aware-
ness of the external costs that energy
generation and use impose have not been
translated into practice or policy. Along
With wider acceptance of energy prices
that reflect the environmental impacts of
energy production, economically efficient
Patterns of energy use and the exploita-
tion of renewable and less polluting en-
ergy forms deserve heightened attention.

How has the global perspective
on energy matters changed
since the first United Nations
conference on the environment

in 1972? In broad terms, very little: there
Is today, as there was then, an apprecia-
tion that access to energy, in the form
needed and on the terms deemed toler-
able to society, is vital to economic
Progress and human welfare. A compari-

son of 1972 with today also points up the
inertia characterizing major energy forces:
liquid and gaseous hydrocarbons consti-
tuted 66 percent of world energy con-
sumption then, 60 percent in 1990. And,
as always, there is tension between the
inevitable uncertainties of science and
the political encumbrances that surround
the energy policy process.

But in a number of specific ways, the
last two decades have forced nations to
confront a new set of realities and to look
at old issues in a new light. One major
new reality—reflecting a great sense of
urgency—is the extent to which environ-
mental considerations intrude into the
range of decisions we make on energy
production and use; witness emission lim-
its in the operation of U.S. and West
European power plants to mitigate acid
precipitation.

Wavering on both technological and
economic premises that once seemed well
founded has also occurred. The extrac-
tion of oil from shale, sustained by an
enormous resource base, and nuclear
breeders that would render uranium sup-
ply limitations inconsequential aroused
fairly lavish expectations not too many

Joel Darmstadter

years ago. The technologies involved in
each now appear less promising. Even
conventional nuclear reactors, whose
integrity seemed assured, have lost a sig-
nificant measure of the public's confi-
dence. The future of all these energy
systems has had to be more soberly as-
sessed. Use of coal has also posed a di-
lemma. Can the world's vast amount of
this resource—which outstrips the com-
bined quantity of oil and natural gas by a
large multiple and which is far less con-
centrated in its geographic occurrence
than petroleum—be exploited without
inviting an intolerable degree of green-
house warming, due to rising concentra-
tions of carbon dioxide? Major constraints
on coal use could raise the price of other
energy sources. Even without such con-
straints, the U.S. Department of Energy
assumes that real world oil prices will
rise somewhat more than 2 percent annu-
ally over the next several decades.

Coincident with such reappraisals, and
on a more positive note, has been a reas-
sessment of the performance of energy
markets. These markets have exhibited a
degree of flexibility that undermines the
notion that there is something distinctly
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different about transactions involving fu-
els and power compared with transac-
tions involving other economic goods and
services. The emergence of competitive
conditions in world oil markets and the
ability of economies—through conser-
vation, fuel-switching, development of
new supplies, and institutional changes
(such as the creation of oil spot and fu-
tures markets)—to achieve a surprising
degree of resilience to energy price shocks
indicate that energy need not be endowed
with attributes uniquely different from
other economic necessities. As a result,
the primacy formerly accorded to energy
insecurity in policy concerns may no
longer be quite so self-evident a need.

And yet, some of these changes have
thus far done more to invigorate
conceptualization about energy issues
than to fundamentally alter energy ac-
tivities. Awareness of the environmental
damage and other "external" costs in-
flicted on society as a result of energy
production and use, and willingness to
embrace free markets as the best media-
tor of energy supply and demand, have
yet to make their mark in a pronounced
fashion. Not surprisingly, this lag is es-
pecially conspicuous in developing
economies, whose need to accommodate
the rising aspirations of growing popula-
tions has largely dwarfed environmental
concerns, and in countries emerging from
the hopelessly warped incentive struc-
ture and physical production biases of
central planning. China—now, and pro-
spectively over the coming decades, the
world's largest coal user—suffers from
the localized, health-threatening pollut-
ants emitted in coal combustion for two
reasons: because poverty compels the
nation to exploit a resource abundantly
available and because distorted pricing
decisions remove incentives to conserve
coal. Only in the last few years have the
Chinese authorities recognized the mis-
guided nature of energy price controls
and, with fits and starts, tried their hand
at beginning to remedy the situation.

Energy and the environment

It should be noted that the unflagging
demand for energy is not invariably tem-
pered by tradeoffs with environmental
goals just because economic well-being
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has reached a relatively reasonable level.
The impressive economic growth rates
recorded by rapidly industrializing coun-
tries in Asia—Taiwan, South Korea, and
Thailand—have so far given policy-
makers little inclination to rein in the
rapidly rising demand for electricity, au-
tomotive fuels, and other types of energy
whose utilization is undoubtedly a mea-
sure of these nations' economic success
but which, unfortunately, has taken a se-
vere environmental toll as well.

Even in the advanced countries of the
world, a mixed picture emerges. On the
one hand, there has been unquestioned
progress in, for example, controlling au-
tomotive and power-plant emissions (in
the latter case, to an extent some experts
consider unwarranted by scientific evi-
dence on acid rain). On the other hand,

Even in the advanced

countries, recognition of the

environmental costs of energy

production and consumption is

not widely translated into regu-

latory policy and energy-market

transactions.

and more generally, intellectual recogni-
tion of the "environmental externality"
problem is far from having been widely
translated into regulatory policy and en-
ergy-market transactions. The official
U.S. acknowledgment of this inadequacy
was voiced in the Department of Energy's
1991 National Energy Strategy: "Moti-
vating our technology and resource
choices must be an improved understand-
ing of total fuel-cycle costs of all energy
sources. Total fuel cycle costs are the
entire costs of producing, transporting,
dispensing, and using a given energy re-
source, including the costs of health and
environmental impacts. Existing analyti-
cal tools are not capable of doing this
with any reasonable precision; however,
developing and sharing the capability to
make such total fuel-cycle assessments
is a . . . priority."

Whether by the time of a third United
Nations environment-development con-

ference, twenty years hence, energy de-
cision making will have matured to the
point at which definable social costs are
widely accepted as a legitimate monetary
charge against energy production and use
is obviously a matter of great uncertainty.
Countries such as Venezuela—which has
only recently begun to phase out the sub-
sidization of domestic gasoline sales at a
level far below the world price—may
simply not be inclined to rapidly inject
aggressive environmental protection mea-
sures into their economies. At the very
least a more determined commitment
might be expected for dealing with im-
mediate and well-founded public-health
threats—say, emissions from Czecho-
slovakia's lignite-burning generating sta-
tions—than for addressing less certain
and longer-range issues, such as green-
house warming.

With the environmental impacts of
energy assuming ever greater signifi-
cance, two factors deserve heightened at-
tention because of their capacity for
mitigating these impacts: economically
efficient patterns of energy use and the
long-run prospect for renewable and less
polluting energy forms as part of the glo-
bal energy mix. A great deal has been
written, frequently with some passion,
on how one or both of these factors might
contribute to smoothing the energy tran-
sition that must be faced in the coming
decades. It would be surprising if these
dual themes failed to resonate promi-
nently at the United Nations Conference
on Environment and Development.

How much conservation?

It must be recognized that, apart from the
inadequate reflection of environmental
externalities in what consumers pay for
energy, there are enough distortions in
energy markets and pricing to weaken
incentives to conserve energy. The blame
here cuts across countries at different lev-
els of economic development: the former
Soviet Union's one-time East European
trading partners, supplied for many years
with oil at below world-market prices;
poor countries that feel compelled to sub-
sidize household fuel prices, rather than
to provide income support in general;
and the United States, in which state regu-
latory policies fail to produce price sig-
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nals that reflect the cost of newly added
Utility generating capacity.

There are undoubtedly numerous other
ways to promote both economic welfare
and energy conservation, although the
barriers to be overcome and the efforts
needed would necessarily vary from place
to place. For example, technology trans-
fer initiatives could alert energy planners
in less developed countries to opportuni-
ties for enhanced efficiency in electric
conversion; design improvements could
be made in cooking stoves and other en-
ergy-using devices; and education and
information programs could be aimed
at spurring cost-effective energy-saving
behavior.

At the same time, it is necessary to be
skeptical of rhetorically simplistic ex-
hortations for countries to "shape up"—
energetically speaking—and of the
criteria by which good energy behavior
is to be measured. The notion that an
overall ratio of energy consumption to
gross domestic product (GDP) can be
relied upon to characterize a country as
an energy wastrel or saint is quite flawed.
While energy/GDP ratios—that is, en-
ergy intensities—can be symptomatic of
inefficiency in energy utilization, they
can also point up features of industrial
structure and geography having limited
relevance to matters of energy profligacy.
Consider an idea proposed in the 1988
report Energy Efficiency: A New Agenda,
issued by the American Council for an
Energy-Efficient Economy. There it was
suggested that an international protocol
IS needed to establish energy-intensity
goals for individual nations such that world-
wide energy intensity would decline at
least 2 percent per year. Under such a
scheme, however, a developed nation that
moved its aluminum smelting capacity to
a developing nation would earn brownie
Points, while the latter would invite stigma.
Moreover, a nation could fail to meet its
Intensity reduction target even while shift-
ing incremental energy use to environmen-
tally benign resources.

In short, the proposal illustrates the
Weakness of setting prescriptive goals as
against the virtues of process-oriented
goals: creating a climate of economic in-
centives, expanding research and develop-
ment in support of innovative energy
Systems, internalizing social costs in en-

ergy pricing, and providing information
that encourages the diffusion of economi-
cally optimum energy usage. Collectively,
such initiatives could in time lead to major
improvements in energy use by such enti-
ties as, say, Poland's steel industry—a key
factor in that nation's environmental prob-
lems—which uses well over four times as
much energy per ton of steel as the world
steel industry as a whole.

To what extent can a more vigorous
pursuit of cost-effective energy-efficiency
options throughout the world materially
lighten energy supply requirements and
ease environmental burdens? Direction-
ally, there's little doubt about the effi-
cacy of such efforts. But estimates of
achievable magnitudes are a matter of
deep conjecture. It seems certain that the
overwhelming portion of new energy

Some analysts argue that the

level of worldwide energy con-

sumption over the next three

decades could be held virtually

unchanged; yet the policy inter-

vention and acceptance of life

style required are nontrivial matters.

demands in the years ahead will origi-
nate in developing countries. But there is
an immense absolute, and still growing,
energy gap to be closed between those
who are well off and the many who are
not. More than two-thirds of the world's
people use less than 20 million Btu per
person, averaging about one-tenth the
energy use in Western Europe, Japan,
and North America. A fivefold increase
in the amount of energy supplied to de-
veloping countries in Asia, Africa, and
the Americas would still leave their popu-
lations with per capita energy consump-
tion half that in developed parts of the
world.

Wrestling with that dilemma, the au-
thors of a 1987 World Resources Insti-
tute study, Energy for a Sustainable
World, argued that the level of world-
wide energy consumption over the forty-
year period 1980-2020 could—and, by
implication, should—be held virtually

unchanged, and should be guided by pre-
vailing economic signals and imminent
energy-saving technological opportuni-
ties. In this "normative" scenario, per
capita energy consumption in the indus-
trialized countries would decline by half,
and that in developing countries would
rise 0.5 percent yearly, supporting (it is
argued) a standard of living equivalent to
that of Western Europe today by 2020.
That such a scenario could scarcely ma-
terialize in the absence of various kinds
of policy interventions and acceptance of
life-style change was acknowledged, but
not elaborated on. From the vantage point
of the United States—for which a recent
National Academy of Sciences study
mapped out the feasibility of achieving
large, economically justified energy sav-
ings, but which suffers political apoplexy
over the prospects of an increase of just a
few cents in the gasoline tax—those are
obviously nontrivial matters. In short, the
task of deflecting global energy use from
the business-as-usual path remains a ma-
jor challenge (see figure, p. 32).

The role of renewable energy

But suppose growth in global energy con-
sumption over the coming decades could
be held reasonably in check (say, at 1 per-
cent or so in yearly growth), even if not at
a totally unchanged level. There is still
ample reason to ponder how resource costs
and environmental factors would combine
to shape the mix of energy sources relied
on by society. Even slowly growing en-
ergy use, if dominated by use of coal,
could easily undermine the carbon dioxide
stabilization target frequently voiced as a
desirable environmental goal. It is there-
fore important to consider the prospective
role of renewable energy sources as we
enter and proceed through the twenty-first
century. (Of course, renewability is no
guarantee of environmental integrity: large-
scale hydro facilities can be ecologically
disastrous; disposal of solar cells and recy-
cling may be problematic; grain-based fuel
production may give rise to soil degrada-
tion; and ethanol production and use give
rise to more greenhouse gas emissions than
gasoline.)

Today, except for hydropower (some
7 percent of world energy output),
renewables such as solar energy or bio-
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Future energy consumption: a business-as-usual perspective
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China and centrally planned Asia

1985 2000

  Former USSR and Eastern Europe

Other developing countries
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Source: Office of Technology Assessment, Changing by Degrees: Steps to Reduce Greenhouse Gases, 1991.

Note: As a point of departure for considering more robust conservation measures to reduce greenhouse gas emissions, the Intergovernmental

Panel on Climate Change estimates that energy demand may increase as shown. In the left-hand panel, an assumed economic growth rate of

2.1 percent annually is associated with energy consumption growing at 1.2 percent per year. In the right-hand panel economic growth of 3.4

percent is accompanied by energy growth of 2.1 percent per year. Even in these conventional views of the future (in which virtually all energy

growth occurs outside developed regions), a healthy amount of conservation is implied by falling energy intensities. However, this decline may
still fall short of meeting desirable environmental goals.

mass are not a significant factor in the
global energy mix. To be sure, popula-
tions in numerous poor countries do rely
on biomass and animal wastes to sustain
an abject level of living standards. Such
use is notoriously inefficient. Further-
more, exploitation of forests for fuelwood
or of dung for cooking fuel probably gen-

erates more ecological harm than fossil

fuel combustion. Thus the extreme cir-
cumstances governing such energy uses

have little bearing on the priority atten-

tion that ought to be directed to expanded
research and well-focused pilot programs

to exploit renewable energy.
The conviction seems to be growing

that a significantly expanded use of re-

newable energy resources might well be in

prospect under terms that are economi-
cally attractive, even apart from the envi-
ronmental premium such sources might
command in particular cases. Dennis
Anderson, a senior economist with the
World Bank, has conducted research on
renewable energy in the context of the
greenhouse dilemma, emphasizing strate-
gies in which mitigation of carbon dioxide
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would be the fortuitous beneficiary of steps
independently justified on economic
grounds. In a monograph to be published

by Great Britain's Overseas Development

Institute, he expresses considerable confi-

dence that solar-thermal energy and pho-

tovoltaics are approaching a cost range
competitive with conventional energy

sources, particularly where—as in many

developing countries—the amount of so-
lar radiation per unit of land surface is
high. He urges aggressive efforts to intro-

duce these technologies, along with bio-
mass options, and to broaden local
experience and training in their applica-
tion. In linking these views to the global
warming problem, he proposes introduc-
tion of a carbon tax to help lower the
remaining economic barriers to the use of
renewables and low-carbon energy sources.

Anderson's cautiously optimistic posi-
tion notwithstanding, there continues to be
disagreement in policy debates on the pro-
spective importance of renewable energy
and the nature of impediments to its use.
For example, what is the desirable level of
research and development funding for this

kind of energy? Should research and de-
velopment policy be emphasized over other
policies, such as tax measures, to hasten
an increase in the use of renewable en-
ergy? Even if fossil-fuel energy prices were
increased to reflect full social costs—a big
if, considering the challenge of securing
an international taxing commitment—there
is uncertainty about how much use of re-
newable energy would rise. A determined
effort to press ahead in seeking answers to
these questions could be one positive legacy
of UNCED. •

Joel Darmstadter is a senior fellow in the
Energy and Natural Resources Division
at RFF.
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Technology transfer from developed to developing countries
Transfer of technology is one way to pro-
mote both environmental quality and eco-
nomic welfare. Robert W. Fri, president of
Resources for the Future (RFF), and
Chester L. Cooper, coordinator of RFF' s
international programs, have considered
how assistance from the developed world
could be usefully applied to environmen-
tal and developmental problems in the
developing world through technology
transfer based on specific guidelines.

C ustainable international develop-
‘1.1 ment involves environmental protec-
tion at both the local and global levels.
Such protection depends on close coop-
eration among industrialized and develop-
ing nations in regard to technology. The
recommendations below focus on how
available international resources could be
applied more usefully to local economic
development and to environmental prob-
lems in the former USSR, Eastern Europe,
Asia, Africa, and Latin America. The em-
phasis in these suggestions is on the near
term and rests on a belief that the prob-
lems to be addressed cannot wait for the
emergence of new technologies, institu-
tions, and international frameworks, and
on a conviction that the lessons gained by
acting now will prove essential to the suc-
cess of the long-term programs and enter-
prises that presumably will emerge from
UNCED. Five guidelines are offered here
for a near-term program of international
environmental technology transfer.

First, both the public and private sec-
tors of donor nations should encourage
technology transfers that meet not only
local environmental concerns, but also
serve existing national economic develop-
ment needs. Any process or product that
reduces resource inputs and minimizes the
production of harmful residuals is of in-
terest in this regard. Since such processes
and products are already the stuff of com-
merce, the transfer of technologies that
benefit both economic well-being and en-
vironmental quality can be stimulated with-
out delay.

Second, the unique advantages the public
sector can exercise to facilitate technology
transfers to meet both economic and environ-
mental needs should be utilized. Specialized
government staffs could "broker" contacts be-
tween potential suppliers and recipients and
identify technology demands. Information
clearinghouses could help developing coun-
tries find private-sector technology to meet
their demands. In some cases, government-
business partnerships could facilitate the trans-
fer of technology. Finally, governments could
set minimum environmental standards for
technology sales to discourage exportation of
environmentally hazardous technologies.

Third, the capacity of developing nations
to plan, acquire, operate, maintain, and man-
age the technologies they need should be
expanded. Governments, academia, nongov-
ernment organizations (NG0s), and business
could all contribute in this regard.

Fourth, financing on a bilateral basis should
be encouraged. This might be accomplished
with respect to reducing carbon dioxide (CO2)
emissions along the following lines: since a
country committed to invest in CO2 reduc-
tions will want to do so as cost-effectively as
possible, it might pay another country the
extra cost of a solar-electric power plant and
take credit at home for an equivalent CO2
reduction. Such arrangements could enlarge
the flow of technology aimed at mitigating
greenhouse gas emissions well before there is
international agreement on limiting these
emissions.

Finally, steps should be taken to reduce
commercial obstacles to technology transfer.
Progress is being made in this regard, but for
some nations and some technologies such ob-
stacles remain significant.

For some individual technology transfer
initiatives, national or multinational institu-
tions should provide international leadership.
Some initiatives have merit aside from global
environmental protection. These include the
promotion of increased energy efficiency, es-
pecially in the larger, coal-rich countries; re-
forestation, especially in tropical regions;
population stabilization, especially in the Third
World; faster development of nonfossil energy

systems; and the movement of fossil en-
ergy systems down the CO2 emissions lad-
der—from coal to oil to natural gas.

Other initiatives may also be worth pur-
suing. An enterprise for organizing and
coordinating technology transfers could be
sponsored and managed by the U.S. Envi-
ronmental Protection Agency on behalf of
the international community. Japan's RITE
laboratory for studying global change
issues could evolve into an international
venture for the development of new envi-
ronmental technologies. An energy effi-
ciency research and development program
primarily directed toward Eastern Europe
could be established through a coopera-
tive arrangement between the Budapest
Environment Center and either the Euro-
pean Coummunity or the Organization for
Economic Cooperation and Development.
A global program for addressing CO2 emis-
sions through economic incentives and dis-
incentives could be developed by a task
force of international economists. The
United States, Canada, and Japan could
collaborate on a technical assistance pro-
gram. (The U.S. Agency for International
Development has significant funding, ex-
pertise, and well-established field stations.
Canada's International Development Re-
search Center has impressive credentials
and much experience. Japan has large
funds but lacks adequate overseas assis-
tance establishments and field experience.)
Innovative debt-for-environmental protec-
tion exchanges between creditor and debtor
countries could be created. With NGOs
and private foundations, regional devel-
opment banks could identify and meet the
need for building indigenous technologi-
cal capacity. Finally, a consortium of na-
tions such as Brazil, China, and India could
provide assistance with respect to low-
tech agriculture and conservation tech-
niques to other developing countries and
the industrialized world. •

Robert W. Fri
Chester L. Cooper
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Using benefit-cost analysis to prioritize
environmental problems

Economic growth can exacerbate pollu-
tion and pollution-related health prob-
lems in developing countries. Yet the
capacity to reduce pollution and to real-
ize production and consumption patterns
that stabilize pollution are dependent on
such growth. Thus developing countries
must prioritize their environmental prob-
lems if they are to avoid derailing growth
while achieving environmental improve-
ments. Benefit-cost analysis may be use-
ful in this prioritization, but its application
is problematic. Are pollution-health re-
lationships from studies performed in de-
veloped countries transferable to
developing countries? Are ways of valu-
ing individuals' willingness to pay for
reduced health risks in developed coun-
tries appropriate for developing coun-
tries? And does poverty in developing
countries exert an undue influence on
this willingness?

U
ntil the last decade, it was
thought that developing coun-
tries could postpone environ-
mental improvements while

awaiting economic growth. Better under-
standing of the complex linkages between
the environment and economic growth
now suggests the need to devise policies
for dealing with the former without de-
railing the latter. This need has been in-
tensified by increasing environmental
degradation in even the wealthiest of the
developing countries and by the realiza-
tion that the well-being of developed
countries can be significantly affected by
activities in the developing world. The
fear is that continued population growth
and economic growth, along with the en-
ergy- and materials-intensive consump-
tion patterns they bring, will contribute
to further environmental degradation in
developing countries.

There is a basis for such fear. More
than 90 percent of world population
growth is occurring in developing coun-
tries, where population is expected to rise

from 4 billion to 7 billion by 2025. Thirty
percent of this growth will occur in Asia
(excluding China) and 58 percent in Af-
rica. Most of the population increase will
be in cities, as it has been in the past.
Along with population growth will come
increased demand for drinking water and
sewage and solid waste disposal, as well
as for some energy- intensive products
and services such as transportation. To
the extent that per capita incomes rise,
such demand will be exacerbated.
On the other hand, economic growth

creates the capacity to reduce pollution,
provide basic government services (such
as drinking water), and improve medical
care. The tight negative relationship be-
tween infant mortality and per capita in-
comes provides evidence of the
importance of development for improv-
ing health status. In addition, some
changes in the composition of goods pro-
duced and consumed as economic growth
proceeds—for instance, the tendency to
reduce heavy industry and to substitute
cleaner fuels like natural gas for dirtier

Economists favor use of the

efficiency criterion in prioritization

of environmental problems

because it captures the tradeoff

between benefits and the re-

sources given up to obtain them.

ones like wood or coal—can at least help
to stabilize environmental pollution even
as national product rises.

The development-environment di-
lemma points to the need for a frame-
work for establishing priorities to
facilitate efficient allocation of the scarce
resources available to developing coun-
tries. Benefit-cost analyses that include
the monetization of environmental effects

Alan J. Krupnick

are a point of departure in the construc-
tion of such a framework. Yet in devel-
oping countries, application of such
analyses is almost nonexistent. Indeed,
serious questions can be raised about
whether the benefits of environmental
improvements can be estimated in devel-
oping countries with the approaches used
in developed countries.

Prioritization on the basis of net
social benefits

To establish priorities for pollution re-
duction, economists favor use of the effi-
ciency criterion as embodied in
benefit-cost analysis. Priorities are ranked
on the basis of their net social benefits.
The advantage of using benefit-cost
analysis is that it simultaneously cap-
tures the tradeoff between the beneficial
aspects of pollution reduction and the
real resources society must give up to
obtain this reduction. This tradeoff is of
particular importance for developing
countries because the opportunity costs
of their resources are so large.

Prioritization of environmental prob-
lems using benefit-cost analysis requires
estimates of the benefits and costs to so-
ciety of marginal reductions in emissions
in the pollution categories to be ranked.
The benefits of such reductions are ex-
pressed, in theory, as the value of the
impacts avoided by such reductions and
are obtained by estimating the effect of
changes in emissions on pollution con-
centrations, the associated effects of
changing concentrations on health and
other areas of concern, and the willing-
ness of individuals to pay to avoid the
negative impacts of emissions.

In modern benefit-cost analysis, each
individual in society is asserted to be the
best judge of his or her own values, which
are determined in the context of con-
straints, be they money, time, health, or
something else that is valued. These con-
straints imply that a thing has value to
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the extent that individuals are willing to
pay to have it—the so-called willingness-
to-pay (WTP) measure.
A less preferred but more frequently

applied approach for ranking pollution
problems uses the gap between standards
for ambient pollution concentrations and
actual pollution concentrations. This ap-
proach establishes priorities for pollution
reduction by ranking highest those pollu-
tion problems leading to the grossest vio-
lations of ambient standards. One
drawback to this approach is that the pol-
lutants that are the grossest violators may
not cause the greatest number or the most
serious health effects. A second draw-
back is that no consideration is given to
the social costs of dealing with each of
society's environmental problems.

Estimating benefits and costs

A benefit-cost analysis involves defining
scenarios of desired changes that would
result from intervention; establishing
baselines against which to measure such
changes; estimating changes in emissions,
concentrations, and exposures; estimat-
ing resulting impacts (physical effects);
valuing these impacts (benefits); and es-
timating the costs of achieving desired
changes. These elements of benefit-cost
analysis are considered below, using as
examples two potentially major pollu-
tion problems in developing countries—
ambient particulate concentrations as they
affect mortality, and the unavailability or
poor quality of drinking water as it af-
fects both morbidity and mortality. These
Problems and their associated health ef-
fects are more serious in urban areas,
With their high populations, than in rural
areas. They have received comparatively
little attention in developing countries.

Defining scenarios. Cost-benefit
analyses tend to be designed to estimate
the total damages from a pollutant or the
benefits of a total cleanup of a pollutant.
Analyses so designed have limited use-
fulness when a real decision is to be made
on an investment or on implementation
of a policy that will incrementally affect
Pollution levels or health risks. Thus cost-
benefit analyses should specify scenarios
in terms of concrete changes in baseline
conditions that would result from an in-
tervention. With respect to particulate

Providing access to drinking water is more effective in reducing diarrheal disease than is
improving drinking water quality.

concentrations, the scenario might de-
fine the desired change in particulate
emissions from power plants, for ex-
ample. With respect to water quality and
access, it might define the change in the
number of people served by piped drink-
ing water.

Establishing baseline conditions.
To establish the baseline situation for the
particulate concentration problem, it is
essential to have an emissions inventory
against which to measure a change in
particulate emissions and some idea of
the size and spatial distribution of the
exposed population. For the water pollu-
tion and access problem, information on
the number of people currently served
with drinking water, the rate at which
people use the water, and measures of
access to and reliability of the drinking
water supply are needed to appropriately
assess the baseline situation.

Estimating changes in pollutant con-
centrations. Changes in pollutant con-
centrations need to be estimated for the
particulate concentration problem but not
for the water pollution and access prob-
lem. Changes in particulate concentra-

tions can be estimated using dispersion
models, the parameters of which are based
on local ambient monitoring data.

Estimating impacts. To estimate the
human health effects of ambient particu-
late concentrations, dose-response mod-
els are needed to quantify the relationship
between these effects and exposure. An
extensive series of studies use daily mea-
sures of ambient particulate (and other
pollutant) concentrations to explain varia-
tions in daily mortality rates for a city.
The most recent of these find that a re-
duction of 100 micrograms per cubic
meter ( gg/m3) in concentrations of total
suspended particulates (TSP) would re-
sult in a 20 percent reduction in city-
wide mortality rates. (Many cities in
developing countries have TSP concen-
trations in the 300-400 i.tg/m3 range.)

However, there is a question about
whether dose-response relationships from
studies performed in developed countries
are transferable to developing countries.
Transference of air pollution-health rela-
tionships may be problematic because of
differences between the developed and
developing worlds with respect to
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baseline health status, the availability of
drugs and health care, and the number
and kinds of environmental insults. How-
ever, in benefit-cost analysis use of these
relationships appears reasonable as a
means of obtaining a lower-bound esti-
mate of the reduction in the risk of mor-
tality if it can be assumed that lower
health status, poorer medical care, and
greater insults would make the health
benefits of pollution reduction larger in
the developing world than in the devel-
oped world.

Generally, no dose-response relation-
ships concerning polluted drinking water
and the incidence of morbidity and mor-
tality are available. Therefore concentra-
tions of microorganisms in water need
not be estimated. However, studies that
have examined the effect of various types
of interventions to improve drinking wa-
ter quality or access on mortality and
morbidity can be used. These studies di-
rectly link specific interventions to health
effects even though multiple pathways
of exposure are involved. They suggest
that providing access to drinking water is
more effective in reducing diarrheal dis-
ease than is improving drinking water
quality and that the most serious dangers
to health may occur when a water supply
that normally provides water of a reason-
able quality fails.

Valuing damages. Valuing health
damages or the benefits of avoiding them
is a complex undertaking. To value pre-
mature death, economists use a measure
of willingness to pay termed the value of
a statistical life (VSL). This measure is
obtained by dividing average WTP by
the risk reduction being valued. For ex-
ample, if the WTP is $100 for a reduction
in risk of premature death of 1 in 10,000,
the VSL is $1 million.

Most research has been directed to-
ward valuing risks of accidental death,
with estimates of VSL in the range of $1
million to $8 million. Very few studies

value death associated with environmen-

tal exposures—death that generally in-

volves older people, a latency period

between exposure and manifestation of

impaired health, and involuntarily as-
sumed risks. VSLs for reduced risks of
environmental death have been found to
be much lower than those for accidental
death. However, values for reduced risks

of accidental death are typically used in
benefit-cost analyses involving risks of
death due to environmental exposures.
This practice is due to methodological
problems in and the limited number of
studies that value reductions in risks of
death associated with environmental ex-
posures.

Reductions in risks of premature death
by accident have been valued in two dif-
ferent ways. One way is to examine pay
differentials across a sample of occupa-
tions posing different annual mortality
risks. By holding constant other attributes
of the occupations and the workers, it is
possible to estimate how much extra com-
pensation is required to induce people to
accept slight increases in job risk.

Application of this approach in devel-
oping countries would be problematic.

The contingent valuation

approach to measuring individu-

als' willingness to pay for re-

duced mortality risks holds more

promise for application in devel-

oping countries than does the

wage compensation approach.

For the results to reflect preferences for
avoiding risks, labor markets would need

to be reasonably competitive, and work-

ers would need reasonably good infor-

mation about the risks they face on the

job. Neither of these conditions is likely

to hold in developing countries; thus it is
unlikely that wage differentials in these
countries would accurately reflect job
risks.

Another way to measure individuals'
WTP for reduced mortality risks is to use
the contingent valuation method—that is,
to ask individuals to state their WTP for
reductions in health or environmental
risks or effects, given hypothetical sce-
narios involving these risks or effects.
This approach offers several advantages.
First, surveys can be designed to elicit
WTP for desired future change in risks or
effects. Second, the good being valued
can be specified to match other informa-
tion available to the analyst, say the end-

point given for a dose-response relation-
ship. Third, the survey can be adminis-
tered to a sample appropriate for the good
being valued, say a sample representa-
tive of the general population or of some
other group such as older people.

The contingent valuation approach
does have drawbacks. The hypothetical
and often complicated nature of the sce-
narios raises concern about whether indi-
viduals can process the information
provided and be sufficiently motivated
and familiar with the "goods" being val-
ued to respond as if they were in a real
situation. There is also concern that sur-
vey respondents might offer misleading
answers in the hope of influencing the
survey outcome and, thus, policy. How-
ever, this concern has diminished with
attempts to systematize and standardize
the development and conduct of surveys
in terms of how goods are to be paid for,
how risks are to be treated in scenarios,
and how questions are to be phrased.

The contingent valuation approach
holds more promise for application in
developing countries than does the wage
compensation approach, the flaws of
which are clear. However, to the extent
that education and cultural factors influ-
ence responses, lessons learned in the
United States and Europe about the de-
sign of contingent valuation surveys
would have to be relearned if these sur-
veys are to be conducted in developing
countries. In addition, current research
has emphasized neither valuation of "life-
years lost" nor the WTP to reduce risks
to family members. Such research is
needed to compare the mortality-related
benefits of reducing particulates, which
primarily affect older people with chronic
respiratory disease, with those of provid-
ing increased access to drinking water,
which primarily affects mortality in in-
fants and young children.

However, before either of the above
WTP approaches can be legitimately ap-
plied in developing countries, two issues

need to be addressed: the basic tenet of
individual sovereignty underlying ben-
efit-cost analysis, and the influence of

poverty on valuation. With respect to the
former, not all societies may accept a
notion of value based on individual sov-
ereignty. While this concern was prob-
ably more important before the dis-
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integration of communism, there are still
societies that view social choices from
the perspective of the group rather than
the individual. For these societies it may
be legitimate to value statistical lives by
estimating the loss in social product from
a worker's reduced lifespan. This "hu-
man capital" approach has been largely
discredited in the United States, not only
because it is inconsistent with the sover-
eignty of individuals, but because it can-
not address the value of premature
mortality in the elderly, the disabled, and
other nonworkers.

With respect to the influence of pov-
erty on valuation, there is a concern that
severe limitations on ability to pay in
developing countries may bias or even
invalidate willingness-to-pay estimates.
Much of this concern may derive from
the presumption that individuals in de-
veloping countries would express a much
lower VSL than those in developed coun-
tries. While the supposed gap in VSLs
may be considered immoral by those who
are concerned with equity, in the context
of efficiency it is appropriate for income
constraints to influence WTP. In any case,
contingent valuation studies to elicit WTP
for reductions in mortality risks are de-
signed to limit the size of the risk reduc-
tion so that only a small portion of an
individual's budget could conceivably be
Offered to obtain the benefit. This may be
the reason that, empirically, income does
not exert much of an influence on WTP
responses. Contingent valuation studies
valuing reductions in the risk of death
have estimated income elasticities (the
Percentage change in the value for a 1
Percent change in income) of only 0.3 to
0.4. For instance, a person with an in-
come 90 percent lower than that of an-
other person would be willing to pay
only 27 to 36 percent less to obtain the
same risk reduction. If this analogy is
extended to a comparison of WTP in
developing and developed countries, it is
Conceivable that differences in WTP
Might be far less than the gap in per
capita incomes would suggest.

Concerns about the undue influence
of ability to pay on WTP responses can
Perhaps be resolved by a search for units
of account other than money. For in-
stance, there is pervasive anecdotal evi-
dence that people are willing to pay in

terms of time for reduced risks of death.
In this case, willingness-to-pay questions
could be framed in terms of time rather
than money, although for use in a ben-
efit-cost analysis the analyst would still
face the formidable task of valuing time.

Estimating costs. Estimating costs
presents fewer technical problems than
does estimating benefits. (This is the case
even in developing countries, where pol-
lution reduction activities may be subsi-
dized and thus their real cost obscured.)
When addressing the prioritization of en-
vironmental problems, a major difficulty
involves the types of pollution reduction
activities to be costed out. Consider ac-
tivities to reduce ambient particulate con-
centrations. If the activities to be costed
out are restricted to technologies to re-
move particulates emitted by industrial

The difference between

willingness to pay in the devel-

oped world and that in the devel-

oping world might be far less

than the gap between per capita

income in the two worlds would

suggest.

sources, costs may be far higher than
they could be if a broader set of activities
was considered. For instance, it may be
far less expensive to reduce health ef-
fects by having a power plant pay for the
purchase and installation of improved
household cooking stoves than by reduc-
ing its own emissions.

As control costs generally rise steeply
with the percentage of emissions re-
moved, the choice of emissions removal
technologies to be considered can also
make a big difference to the cost esti-
mates. Less sophisticated technologies
cost less than more sophisticated tech-
nologies and yet can be as nearly effica-
cious. For instance, new-generation
electrostatic precipitators (ESPs) can re-
move 99.5 percent of the particulates from
power plants using low-sulfur coal at a
capital cost of $85 per kilowatt (in 1979
dollars); however, old-generation ESPs
can remove 97 percent of these particu-

lates at a cost of only $20 per kilowatt.
With respect to improving water quality
and access, less sophisticated but less
expensive activities can be considered.
These include the provision of yard taps
and simple latrines in addition to indoor
water supply and pipes for discharging
sewage.

Challenges

Even in developed countries, the estima-
tion of benefits and costs of environ-
mental improvements is fraught with
uncertainties and gaps in information.
Thus benefit-cost analysis should only
be viewed as a structured way of ac-
counting for the advantages and disad-
vantages of a policy, using money as a
numeraire and not as the sole criterion
for judging the worth of a policy.

The growing application of benefit-
cost techniques to prioritization of envi-
ronmental problems in developed
countries and the strong interest in the
use of these techniques in developing
countries presents a host of new chal-
lenges in the valuation of environmental
improvements. Transfer of valuation
functions that relate willingness to pay
for reductions in health risks to income
and other characterstics may be accept-
able, but is surely no substitute for con-
ducting contingent valuation surveys and
performing other analyses in developing
countries.

The need for development of cost and
benefit estimates for a large set of pollu-
tion reduction activities cannot be over-
emphasized in developing countries. This
set would include not only activities nor-
mally associated with pollution (such as
industrial activities), but also household
activities related to indoor air pollution
and government activities to correct
policy mistakes such as subsidization of
energy markets and drinking water
supply. •

Alan J. Krupnick is a senior fellow in the
Quality of the Environment Division at
RFF.
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INSIDE RFF news and publications

New fundraising campaign announced

In 1991, the board of directors of Re-
sources for the Future launched a new
fundraising campaign to augment the un-
restricted financial support that makes
up a portion of the RFF budget. At the
most recent board meeting, in October
1991, RFF president Robert Fri reported
that the conduct of research and the dis-
semination of information about research
findings rely heavily on the availability
of unrestricted funds and that demand
for these RFF activities has been high
throughout the institute's history.
"Policymakers and others," he said, "have
been turning to RFF for nearly forty years
for knowledge concerning the best de-
velopment and use of natural and envi-
ronmental resources. RFF's distinctive
contribution to the management of these
resources stems from its commitment to
basic and applied research, which has of-
ten extended conceptual frontiers and re-
sulted in new methodologies for assessing
and managing resource problems; to inde-
pendence and impartiality, which explains
why RFF's contribution to policy debates
is so widely respected in the United States
and abroad; and to communication with
government, business, environmentalists,
and the public at large."

Fri also noted that requests for RFF's
expertise have been increasing steadily
in recent years. For example, the U.S.
Department of Energy has asked RFF to
take on the research necessary for quan-
tifying the full social cost of energy pro-
duction and use as a basis for integrating
economic, energy, and environmental
policy. The government of the People's
Republic of China has also turned to RFF
for assistance in building an indigenous
capacity to analyze, design, and imple-
ment its policies for managing environ-
mental and natural resources. RFF
scholars are now working with state agen-
cies in Beijing to integrate environmen-
tal requirements into development and
investment planning and are conducting
educational and training programs in
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China to disseminate concepts and meth-
ods of environmental economics devel-
oped at RFF. In 1991 alone, Fri reported,
RFF was asked to evaluate the benefits
and costs of amendments to the U.S.
Clean Air Act, to design a workable sys-
tem of tradeable emission permits for the
electric utility industry, and to advise
policymakers about creating a demand
for environmentally friendly technology
in developing countries.

According to Fri, one of the reasons
why policymalcers seek out RFF's exper-
tise is that the organization is sensitive to
new trends shaping decisions about how
people use their natural and environmen-
tal resources. "One of these trends," he
observed, "is the growing importance of
individual choice at the expense of cen-
tral planning as democratic institutions
and market economies spread. Another
is the declining relevance of national
borders in natural and environmental
resource management. Yet another is
the desire of people to do more than
talk about environmental and resource
problems."

These trends, he advised, suggest the
need for accelerated research in several
areas of RFF expertise. "One is the work-
ings of markets—how they can effec-
tively allocate resources, how economic
instruments like tradeable discharge per-
mits can provide marketlike alternatives
to command-and-control regulation, and
how unpriced effects such as pollution-
related illness can be measured. Others
are sustainable resource use in global and
intergenerational contexts and the design
of institutions and markets to reflect in-
dividual values in decision making."

Fri explained that research in all these
areas will require better tools to measure
the values that people assign to environ-
mental amenities and natural resource
endowments. "It is just these tools that
RFF continues to develop and to apply in
the search for sustainable economic de-
velopment and human well-being. As this

search intensifies, RFF's work is mot
important than ever."

At the October board meeting, Debt
Montanino, director of External Affaii
at RFF, reported that RFF relies on a
who share its concern for wise resourc
management to support RFF's work f
nancially. "The demands on RFF for cot
ducting research and providing timel
information," she said, "are such that RF
is seeking new unrestricted support froi
individuals who know RFF, appreciai
the rigor and independence that chara(
terizes its research, and share its concer
for informed public policymaking.
Montanino noted that contributions wi
be used in the development of new metl
odologies for environmental policy anal:
sis and in the creative application of ne
and existing approaches to importai
policy problems in natural resource an
environmental management.

Those who are interested in making
tax-deductible contribution to RFF shoul
contact Debra Montanino, Director of E:
ternal Affairs, Resources for the Futur
1616 P Street, N.W., Washington, D.(
20036. Telephone (202) 328-5016. •

New appointment

J. Clarence Davies, presently executive d
rector of the National Commission on ti
Environment and senior fellow at the Wor
Wildlife Fund, will become the new dire
tor of the Center for Risk Management
Resources for the Future, effective Oct
ber 1, 1992. Formerly the assistant admi
istrator for policy, planning, and evaluatit
at the U.S. Environmental Protectic
Agency and the executive vice preside
of The Conservation Foundation, Davil
is currently responsible for coordinatir
the deliberations of a blue-ribbon pan
convened by the World Wildlife Fund
review the current state of U.S. enviro
mental policy. •
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Summer interns
sought

Every summer Resources for the Future
offers a number of paid internships to
students. Interns assist RFF staff with a
variety of projects ranging from techni-
cal studies to applied policy analyses.
Interested persons are invited to apply
for RFF internships at this time. Appli-
cants should have outstanding academic
records in the undergraduate or graduate
programs in which they are enrolled, and
have undertaken course work in one or
more of the following fields: micro-
economics; statistical and quantitative
methods; agricultural, environmental, or
natural resource management; or envi-
ronmental sciences.

The deadline for applications is March
15, 1992. The internships begin on or
about June 1, 1992 and last from two to
three months. Stipends are commensu-
rate with experience and length of stay.
For further information about applying
for internships, contact the Office of the
Vice President, Resources for the Future,
1616 P Street, N.W., Washington, D.C.
20036. Telephone (202) 328-5067. •

Recent corporate
contributions, grants

Resources for the Future has recently re-
ceived corporate contributions from the
following corporations and corporate
foundations: Baltimore Gas and Electric
Company; BP America Inc.; W. R. Grace
& Co.; Pennsylvania Power & Light
Company; Potomac Electric Power Com-
Pony; PepsiCo, Inc.; Sun Company, Inc.;
and Tokyo Gas Co., Ltd.

In addition, the Alfred P. Sloan Foun-
dation awarded an $85,000 grant to RFF
for a preliminary study of the application
of benefit-cost analysis to hazardous
Waste cleanup at defense nuclear facili-
ties, and the Montgomery Street Founda-
tion awarded $7,500 to RFF for general
Support. •

Discussion papers

RFF discussion papers convey the pre-
liminary findings of research projects for
the purpose of critical comment and
evaluation. Unedited and unreviewed,
they are available at modest cost to inter-
ested members of the research and policy
communities. Price includes postage and
handling. Prepayment is required. To or-
der discussion papers, please send a writ-
ten request, accompanied by a check, to
the Publications Office, Resources for
the Future, 1616 P Street, N.W., Wash-
ington, D.C. 20036-1400.

The following papers have recently
been released.

Energy and Natural Resources
Division

• "Using a 'Hybrid' Approach to Model
Oil and Gas Supply: A Case Study of the
Gulf of Mexico Outer Continental Shelf,"
by Margaret A. Walls. (ENR 91-18) $5.00

• "Differentiated Products and Regula-
tion: The Welfare Costs of Natural Gas
Vehicles," by Margaret A. Walls. (ENR
92-01) $5.00

• "Managing the Forest for Timber and
Ecological Outputs on the Olympic Pen-
insula," by Roger A. Sedjo and Michael
D. Bowes. (ENR92-02) $5.00

• "Uncertainties with Respect to Bio-
genic Emissions of Methane and Nitrous
Oxide," by Kathleen M. Lemon, Laura
A. Katz, and Norman J. Rosenberg.
(ENR92-03) $5.00

National Center for Food and
Agricultural Policy

• "Economic Effects of Removing U.S.
Dairy and Sugar Import Quotas," by
Steven A. Neff and Timothy E. Nosling.
(FAP92-01) $3.00

Quality of the Environment Division

• "Economic Incentives and Point
Source Emissions," by Raymond J. Kopp.
(QE92-01) $2.25

• "Comparing the Costs and Benefits
of Diversification by Regulated Firms,"
by Karen L. Palmer and Timothy
Brennan. (QE92-02) $2.25

• "Does the Framing of Risk Informa-
tion Influence Mitigation Behavior?" by
V. Kerry Smith, William H. Desvousges,
and John W. Payne. (QE92-03) $2.25

• "Economics and Thermodynamics:
An Exposition and Its Implications for
Environmental Economics," by Schmuel
Amir. (QE92-04) $2.25

• "Pollution Charges as a Source of Pub-
lic Revenues," by Wallace E. Oates.
(QE92-05) $2.25 •

Joseph L. Fisher
honored

Joseph L. Fisher, president of Resources
for the Future from 1959 to 1974, was re-
cently honored for one of his most enduring
contributions to RFF. Under his leadership,
RFF initiated a program to support graduate
training in resource and environmental eco-
nomics that helped launch the careers of
many outstanding scholars. At a reception
on January 13, RFF president Robert W. Fri
announced the inauguration of the Joseph
L. Fisher Dissertation Award. Formerly
known as RFF's Dissertation Prize in Envi-
ronmental and Resource Economics, the
award will be given annually. Fisher is cur-
rently a distinguished professor at and spe-
cial assistant to the president of George
Mason University.
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